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e4-1. If A, B, and D are given vectors, prove the 
distributive law for the vector cross product, Le., 
A X (B + D) = (A X B) + (A X D). 


Consider the three vectors; with A vertical. 

Note obd is perpendicular to A. 

od = |A x (B + D)| = IAI(IB+ Di) sind, 

ob = |A x BI! = IAIIBI sind, 

bd = IA x Di = JAIIDI sind, 

Also, these three cross products all lie in the plane 
obd since they are all perpendicular to A. As noted 
the magnitude of each cross product is proportional 
to the length of each side of the triangle. 

The three vector cross - products also form a closed 
triangle o’b'd’ which is similar to triangle obd. Thus 
from the figure, 


Ax(B+D)2 AxB+AxD (QED) 


Now also, 
AAI+AJ+ ALK 


B = Bi + Bj + Bk 
D = D,i+ D,j + D,& 


i J « 
Ax (B+D)= A 4 A 
B,+D, B,+D, B, +Dy 
= (A, (Be + Dy) - A(B, + Di 
{Ac(By + Dy) = A(Be + Ds) U 
+ (A(B, +Dy) - A,(B, + Dy)Ik 
= [(A, By — ABy MN - (AcBy ~ ABs) + (AB, ~ A,B; ke] 
+ (ApDy - AD, N= Ardy - ADz)f + (AD, ~ 4D, ie] 


ij & i j & 
fe  alsle 4 
B, B, &| ID. D, D, 


= (A x B) + (A x D) (QED) 
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4-2. Prove the triple scalar product identity 
A‘BXC=AXB-C. 


Also, 


LHS = A-BxC 
As shown in the figure 
i j & 
Area = B(Csin@) = |B x Cl =(Ai+Aj+Ak)- 13, By B 


GGG 
Thus, 


7 = (BG - BG) ~ AB ~ BG) + AEG - BG) 
Volume of parallelepiped is IB x Cllal = ABC. - ABC - ABC +ABG +AB,C - ABC 


But, RHS =AxB-C 


BxC 
lal = |A- upee| = |A- ij k 
|A+ wax cyl | (Ea) - A Al: (Gi+ GJ + Gk) 
= GAB - AB) - GAB - AB) + GAB, ~ A,B) 
Volume = IA- Bx Cl = A,B,C -A8.G ~48,G +ABG +AB,G -4BG 


Since |A x B - Cl represents this same volume thea Thus, LHS = RHS 


A-BxC =AxB-C (QED) EXC FAXES 8) 
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4-3. Given the three nonzero vectors A, B, and C, show 
that if A-(B X C) = 0, the three vectors must lie in the 
same plane. 


Consider, 
|A- (Bx C)| = | AIIB x C| cosé 
= (JA|cos@)|B x C} 
= lAl|Bx C| 
= BC lA sing 
= volume of parallelepiped. 
If A- (B x C) = 0, then the volume equals zero, so that A, B, and C are coplanar. 


*4-4, Two men exert forces of F = 80 1b and P = 50 1b on 
the ropes. Determine the moment of each force about A. 
Which way will the pole rotate, clockwise or counterclockwise? 


sty = 0 (3) aa = 768 tb: ft) Ans 


+ Wade = 50 (cos 45°) (18) = 6361b- ft} Ans 
Since (Mx)e > (Ma)s 


Clockwise Ans 


e4-5. If the man at B exerts a force of P = 30 1b on his 
rope, determine the magnitude of the force F the man at C 
must exert to prevent the pole from rotating, i.e., so the 
resultant moment about A of both forces is zero. 


Gr 30 (cos 45°) (18) & F (3) (12) =O 


F = 39.8\b Ans 
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4-6. If 6 = 45°, determine the moment produced by the 
4-kKN force about point A. 


Resolving the 4 - KN force into its horizontal and vertical components, Fig. a, and applying the 


principle of moments, 


+M, = 4.00845°(0.45) —4 sin45°(3) 
= -7.21KN-m=7.21kN-m (clockwise) 


457n4.5° KN 
(4) 
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4-7. If the moment produced by the 4-kN force about 
point A is 10 kN- m clockwise, determine the angle 0, where 
0° = 6 = 90°. 


Resolving the 4 - KN force into its horizontal and vertical components, Fig. a, and applying the 
principle of moments, 
(+M4 =-10 = 4c0s 6(0.45)— 4sin0 (3) 
12sin@ —1.8cos@ =10 (1) 


Referring to the geometry of Fig. a, 


Dividing Eq. (1) by 4147.24 yields 
ean ae 
47.24 147.24 4147.24 


Substituting Eq. (2) into (@) yields 
10 
147.24 


sin@ cos @ — cos 8 sin = 


sin@ -—¢) = ton 


However, ¢ = wm'( 43) = 8.531°. Thus, 


10 
i474 
6 —8.531° = 55.50° 
@ = 64.0° 


sin@ —8.531°) = 
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*4-8. The handle of the hammer is subjected to the force 
of F = 20 1b. Determine the moment of this force about the 


point A. 


Resolving the 20 - lb force into components parallel and perpendicular to the hammer, Fig. a, 
and applying the principle of moments, 


+M, = —20c0s30°(18)— 20sin30°(5) 
= -361.77 Ib-in=362 Ib-in (clockwise) 
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e4-9, In order to pull out the nail at B, the force F exerted 
on the handle of the hammer must produce a clockwise 
moment of 500lb-in. about point A. Determine the 
required magnitude of force F. 


Resolving force F into components parallel and perpendicular to the hammer, Fig. a, 
and applying the principle of moments, 


(+m [4 = —500 = —F cos 30°(18) — F sin30°(5) 
F =27.6lb 
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4-10. The hub of the wheel can be attached to the axle 
either with negative offset (left) or with positive offset 
(right). If the tire is subjected to both a normal and radial 
load as shown, determine the resultant moment of these 
loads about point O on the axle for both cases. 


For case 1 with negative offset, we have 


(+ Mo = 800(0.4) — 4000(0.05) 
=120N-m  (Counterclockwise) 


For case 2 with positive offset, we have 


(+ Mo = 800(0.4) +4000(0.05) 
=520N:m (Counterclockwise) 
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4-11. The member is subjected to a force of F = 6 KN. If 
6 = 45°, determine the moment produced by F about 


point A. 


Resolving force F into horizontal and vertical components, Fig. a, and applying the principle of moments, 


(+m ‘4 = —6.00845°( 6) — 6sin 45° (3) 


= —38.18 kN -m=38.2 kN -m (clockwise) 
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*4-12. Determine the angle 9 (0° = @ = 180°) of the 
force F so that it produces a maximum moment and a 
minimum moment about point A. Also, what are the 
magnitudes of these maximum and minimum moments? 


In order to produce the maximum moment about point A, force F must act perpendicular to line AB, 
Fig. a. From the geometry of this diagram, 


= tan-!| ©) = 63.43° 
o=wn(S) 


6 = 90° — @ = 90° — 63.43° = 26.6° 


Also, 


a=¥e2 432 = {45 m 


The maximum moment of F about point A is given by 
(M4)max = Fd = 6(45) = 40.2 KN -m 


The minimum moment of F about point A occurs when the line of action of F passes through point A. 
Referring to Fig. b, 
6 = 180°—@ = 180° — 63.43°= 117° Ans. 


and 
(Ma) min = Fd = (0)=0 
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e4-13. Determine the moment produced by the force F 
about point A in terms of the angle 0. Plot the graph of M , 
versus 0, where 0° = 6 S 180°. 


Moment Function: Resolving force F into horizontal and vertical components, Fig. a, and applying the principle of moments, 


(+Ms = ~6c0s0( 6) — 6 sind (3) 
= ~(3600s0 + 18sin@) KN -m 
= (36cos 8 + 18sin@)kN -m (clockwise) 


The maximum moment occurs when a = 0, 


=" —36sin@ + 18cosé = 0 


6 = 26.6° 


The maximum moment of F about point A is given by 
(M 4)max = 36008 26.57° + 18sin26.57° = 40.2 kN -m 


Also, 

Malgacp = 3600s 0° + 18sin0° = 36 kN -m 
Magog» = 3600890° + 18sin 90° = 18kKN -m 
Malp_1goe = 3600s 180° + 18sin 180° = -36 KN -m 


When M, =Q 
0 = 36cos0 + 18sin@ 


The plot of M 4 versus @ is shown in Fig. b. 


My (KN-m) 
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4-14. Serious neck injuries can occur when a football 
player is struck in the face guard of his helmet in the 
manner shown, giving rise to a guillotine mechanism. 
Determine the moment of the knee force P = 50 Ib about 
point A. What would be the magnitude of the neck force F 
so that it gives the counterbalancing moment about A? 


(Ce My = 50 sin 60° (4) - 50cos 60° (2) = 123.2 = 123 b- in) Ans 


123.2 = F cos W° (6) 


F = 23.7lb Ans 


4-15. The Achilles tendon force of F,=650N is 
mobilized when the man tries to stand on his toes. As this is 
done, each of his feet is subjected to a reactive force of 
Ny; = 400 N. Determine the resultant moment of F, and Ny 
about the ankle joint A. 


Referring to Fig. a, 
(Mr Ya=ZFd; (Mp), = 400(0.1)= 650(0.65) cos 5° 
= -2.09N -m=2.09N-m (clockwise) 
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*4-16. The Achilles tendon force F, is mobilized when the 
man tries to stand on his toes. As this is done, each of his feet 
is subjected to a reactive force of N, = 400 N. If the resultant 
moment produced by forces F, and N, about the ankle joint 
A is required to be zero, determine the magnitude of F,. 


Referring to Fig. a, 
(Mr \a =ZFd; 0=400(0.1)=F cos 5° (0.065) 
F =618N 


e4-17. The two boys push on the gate with forces of 
F 4, = 30 lb and as shown. Determine the moment of each 
force about C. Which way will the gate rotate, clockwise or 
counterclockwise? Neglect the thickness of the gate. 


(+ (M,)<-30(3)o 


=-162 lb-ft=162Ib-ft (Clockwise) 


(¢ (4). = 50(sin 60°) (6) 
=260lb-ft (Counterclockwise) Ans 


Since (Mp,) . > (Mp, ) ..» the gate will rote Counterclockwise. Ans 


4-18. Two boys push on the gate as shown. If the boy at B 
exerts a force of Fz = 30 1b, determine the magnitude of 
the force F, the boy at A must exert in order to prevent the 
gate from turning. Neglect the thickness of the gate. 


In order to prevent the gate from turing, the 
resultant moment about point C must be equal to zero. 


(+ My, = EF; My, =0= 30sin 0°(6)-F, (3) 


F, =28.91b 
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4-19. The tongs are used to grip the ends of the drilling 
pipe P. Determine the torque (moment) Mp that the 
applied force F = 150 lb exerts on the pipe about point P 
as a function of @. Plot this moment Mp versus 6 for 
0=6= 90°. 


Mp = 150 cos 6(43) + 150 sin (6) 
= (6450 cos @ +900 sin) Ib- in. 
= (537.5 cos@+75 sin@) Ib- ft Ans 


dM, ‘ 75 
> 537.5 sin@+75 cos8 =0 mee 5 6=7.943° 


At 6=7.943°, Mp is maximum. 


(Mp) max = 538 cos 7.943° +75 sin 7.943° = $43 Ib- ft 


12 12 


Also (Mp)max = 150 Ib (2) (Sy = 543 Ib- ft 


*4-20. The tongs are used to grip the ends of the drilling 
pipe P. If a torque (moment) of Mp = 800 Ib- ft is needed 
at P to turn the pipe, determine the cable force F that must 
be applied to the tongs. Set 9 = 30°. 


Mp = Fcos30°(43) + F sin30°(6) Set Mp = 800( 12) Ib- in. 


800( 12) = Fcos 30°(43) + F sin30°(6) 


F = 239 ib 
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e421. Determine the direction 6 for 0° = 6 = 180° of the 
force F so that it produces the maximum moment about 
point A. Calculate this moment. 


(+m, = 400 ¥ (3)? +(2)? = 1442N-m 


My = 1.44kKN-m Ans 


os tan" (=) = 33.69° 


@ = 90° ~ 33.69 = 563° ss Ans 
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4-22. Determine the moment of the force F about point A 
as a function of 9. Plot the results of M (ordinate) versus 0 
(abscissa) for 0° = 6 = 180°. 


4 +My = 400 sin8(3) +400 cos6(2) 


= 1200 sin6 + 800 cosé 


_ = 1200 cos6— 800 sind = 0 


(My )max * 1200 sin $6.3° + 800 cos 56.3° = 1442 N- 


4-23. Determine the minimum moment produced by 
the force F about point A. Specify the angle 9(0° = 
@ = 180°). 


Main = 400(0)=0 Ans 


Quin = 90° + 56.3° = 146° Ans 
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*4-24, In order to raise the lamp post from the position 
shown, force F is applied to the cable. If F = 200 lb, 
determine the moment produced by F about point A. 


Geometry: Applying the law of cosines to Fig. a, 


BC? = 107 + 207 — 2(10)(20) cos 105° 
BC = 24.57 ft 


Then, applying the law of sines, 
sin? _ sin105° 


6 = 23.15° 
24.57 


Moment About Point A: By resolving force F into components parallel and perpendicular to the lamp pole, 
Fig. a, and applying the principle of moments, 
(MR Ya = UFd; M 4 = 200sin23.15°(20) + 200.cos 23.15°(0) 
= 1572.73 Ib- ft = 1.57 kip-ft (counterclockwise) 
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e425. In order to raise the lamp post from the position 
shown, the force F on the cable must create a counterclockwise 
moment of 15001b-ft about point A. Determine the 
magnitude of F that must be applied to the cable. 


Geometry: Applying the law of cosines to Fig. a, 


BC? = 107 + 207 — 2(10)(20) cos 105° 
BC = 24.57 ft 


Then, applying the law of sines, 


sin@ _ sin105° 


To asy = NS 


Moment About Point A: By resolving force F into components parallel and perpendicular to the lamp pole, 
Fig. a, and applying the principle of moments, 


(Mpa ==Fi;  1500= Fsin23.15°(20) 


F=191 lb 
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4-26. The foot segment is subjected to the pull of the two 
plantarflexor muscles. Determine the moment of each force 
about the point of contact A on the ground. 


(Ma): = 20 cos 30°(4.5)+20 sin 30°(4) = 118 Ib- in. } 


(Ma): = 30 cos 70° (4) +30 sin 70°(3.5) = 140 Ib- in. 2 


4-27. The 70-N force acts on the end of the pipe at B. 
Determine (a) the moment of this force about point A, and 
(b) the magnitude and direction of a horizontal force, applied 
at C, which produces the same moment. Take 6 = 60°. 


(a) ¢ +M, = 70 sin60°(0.7) + 70 cos60°(0.9) 
M, 73.94 = 73.9N-m) Ans 


(bt) (0.9) = 73.94 


F, = 822Ne 
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*4-28. The 70-N force acts on the end of the pipe at B. 
Determine the angles @ (0° = 6 = 180°) of the force that 
will produce maximum and minimum moments about 
point A. What are the magnitudes of these moments? 


C +M, = 70 8in6(0.7) + 70 cos6(0.9) 


M, = 49 sin@ + 63 cosé 


— 


maxi t—— = 
For mum momen 76 


aM, 


=0; 4 _ = 
746 0 9 cos@ — 63 sin@ = 0 


1,49 
= —) = 379° 
—— ( 
(My) max = 49 8in37.9° + 63 cos37.9° 
79.8 N-m.- 


For minimum moment M, = 0 


M,=0; 49 sin@ + 63 cos@ = 0 


-1,763 
8 180° + tan (75) 128° 


(My) min = 49 8in128° + 63 cos128° = 0 


4-29. Determine the moment of each force about the 
bolt located at A. Take Fz = 40 lb, Fc = 50 lb. 


| +My = 40 cos25°(2.5) = 90.6 lb-ft) Ans 


( +Me = 50 cos30°(3.25) = 141 Ib-ft’) Ans 
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4-30. If Fg = 30lband Fc = 45 lb, determine the resultant 
moment about the bolt located at A. 


(+M, = 30 cos25°(2.5) + 45c0s30°(3.25) 


195 Ib-ft5 Ans 


4-31. The rod on the power control mechanism for a 
business jet is subjected to a force of 80 N. Determine the 
moment of this force about the bearing at A. 


(+ My = 80.cos 20° (0.15 sin 60°) — 80 sin 20° (0.15 cos 60°) = 7.71N- m¥ Ans 


*4-32. The towline exerts a force of P = 4KN at the end 
of the 20-m-long crane boom. If @ = 30°, determine the 
placement x of the hook at A so that this force creates a 
maximum moment about point O. What is this moment? 


Maximum moment, OB 1 BA 


C +(Mo) max = 4 KN(20) = 80 kN-m |) Ans 


4 RN sin60°(x) — 4 KN cos60°(1.5) = 80 KN-m 


x= 240m Ans 
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e4-33. The towline exerts a force of P = 4 kN at the end 
of the 20-m-long crane boom. If x = 25 m, determine the 
position 6 of the boom so that this force creates a maximum 
moment about point O. What is this moment? 


Maximum moment, OB 1 BA 
C +(Mo)mar = 4000(20) = 80000 N-m = 80.0 KN-mi 
4000 sing(25) — 4000 cos¢(1.5) = 80000 
2Ssing — 1.5 cosg = 20 
¢ = 56.43° 
0 = 90° - 56.43° = 33.6° 
a 


(15)? +27 = y? 


Wy + y? = z+ 2" 


20( 2.25 + 22) + 2.25 +27 = 2524+ 27 
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4-34. In order to hold the wheelbarrow in the position 
shown, force F must produce a counterclockwise moment 
of 200 N-m about the axle at A. Determine the required 
magnitude of force F. 


Resolving force F into its horzontal and vertical components, Fig. a, 
and applying the principle of moments, 
(+Ma = 200 = Fsin 30°(1.5)+ Fos 30°(1.15) 
F=115N 


212 


4 Solutions 44918 1/23/09 12:03 PM Page 213 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


4-35. The wheelbarrow and its contents have a mass of 
50 kg and a center of mass at G. If the resultant moment 
produced by force F and the weight about point A is to be 
zero, determine the required magnitude of force F. 


Resolving force F into its horzontal and vertical components, Fig. a, 
and applying the principle of moments, 
(MR da = XFd; 0= F sin30°(1.5) + F cos 30°(1.15) — 50(9.81)(0.3) 
F =84.3N 


50GB) N 
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*4-36. The wheelbarrow and its contents have a center of 
mass at G. If F = 100 N and the resultant moment produced 
by force F and the weight about the axle at A is zero, 
determine the mass of the wheelbarrow and its contents. 


Resolving force F into its horzontal and vertical components, Fig. a, 
and applying the principle of moments, 
(HMR Ya = XFd; 0= 100cos 30°(1.15) + 100sin30°(1.5) — M(9.81)(0.3) 
M =59.3 kg 


/00€0$30°N 


100s1n30°N 
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°4-37. Determine the moment produced by F, about 
point O. Express the result as a Cartesian vector. 


Position Vector: The position vector rg, , Fig. a, must be determined first. 
roa =(3- Oi + (3-0)j+(-2— 0)k =[H+ 3j-2k]ft 


Vector Cross Product: The moment of F; about point O is 
ij k 

Mo=rog XF,=]3 3) —Q=[110i—50j+90k] lb-ft 
20 10 3 
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4-38. Determine the moment produced by F, about 
point O. Express the result as a Cartesian vector. 


1ft 
2f—_-*t, 
y 
oe O 
Ze ft F, = {—20i + 10j + 30k} Ib 


F, = {—10i — 30j + 50k} Ib 


x 


Position Vector: The position vector rg, , Fig. a, must be determined first. 
roa =(3— 0+ (3-0)j+(—2- 0)k = (3+ 3j-2k] ft 


Vector Cross Product: The moment of F2 about point O is 


i j k 
Mo=ro4 XF2=|3 3 2 =[90i—130j- 60k]Ib-ft 
10 -30 5 
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4-39. Determine the resultant moment produced by the two 
forces about point O. Express the result as a Cartesian vector. 


Position Vector: The position vector t, , Fig. a, must be determined first. 
wa = (3=0)i+ 3— 0)j+ (+2 -O)k = Bi+3j— 2k} ft 


Resultant Moment: The resultant moment of F, and F> about point Ocan be determined by 
(Mr Jo = a XFi+ a XF2 
i j k i 
3 3 +13 3 2 
20 10 10 -30 50 
= [200i — 180j+30k]Ib-ft 


Or we can apply the principle of moments which gives 


(Mr )o =a XF + F2) 


30 -20 
= {200i — 180j+ 30k} Ib-ft 


\ 


(3,3, -2)ft 
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*4-40. Determine the moment produced by force Fg 
about point O. Express the result as a Cartesian vector. 


Position Vector and Force Vectors: Either position vector r94 or Rpg can be used 
to determine the moment of Fz about point O. 
toa = [6k] m Tog =[2.5j] m 


The force vector Fz is given by 


(0 -0}1+ (2.5 —0)j+(0- 6k 
Fp = Fpu pp = = —720k]N 
ae 0-0)“ +(2.5— 0)* +(0- 6) is 
Vector Cross Product: The moment of Fz about point O is given by 

i j =k 


Mo=roaXFg = 0 6 |=[-1800i]N-m=[-1.80iJkN-m 
300 -72 


ij k 
Mo =rog Fg =) 2.5 = [-1800i] N - m =[-1.801] KN -m 
300 - 


A(0,0,6)m 
F5=760N 
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e4-41. Determine the moment produced by force Fo 
about point O. Express the result as a Cartesian vector. 


Position Vector and Force Vectors: Either position vector rg4 or mc can be used 
to determine the moment of Fc about point 0. 

ja = {6k} m 

oc =(2-0)i+ (-3- 0)j+(0-0)k = 2i- 3j]m 


The force vector Fc is given by 


Fo = Fou pe = 429 2a Oe (3= 4+ OOK | _ 1205 180j-360kN 
G0)" +(-3-0) +06) 


Vector Cross Product: The moment of Fc about point O is given by 
i j k 

Mo="ro,XFco=|0 0 6 | =[1080i+ 720j]N -m 
120 -180 -360 


i j k 
Mo=toc XFc =|2 3 0 |=[1080i+720j]N -m 
20 -180 ~ 
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4-42. Determine the resultant moment produced by 
forces Fz and Fc about point O. Express the result as a 
Cartesian vector. 


Position Vector and Force Vectors: The position vector rg, and force vectors Fp and Fc, 
Fig. a, must be determined first. 
wa = {6k} m 


‘chews O-OF+25-O 44 (0- Sk } Eien 
0-0)° +(2.5- 0)* +(0- 6) 
2— 0)i+(-3— 0)j+(0-6)k 
Fo = Four =42 = [120i — 180j-—360k]N 
c= leer 2— 0)* +(-3-0)* + (0-6) : 7 ; 


Resultant Moment: The resultant moment of Fg and Fc about point O is given by 
Mo = oa XFp * te = a XFe 
ij k i j k 
0 6]+10 0 6 
300 ~72Q }120 -180 - 
[720i + 720j] N -m 


AC0,0, 6)m 
b= 7B0N 


% 


BOG 2E0)m 
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4-43. Determine the moment produced by each force 
about point O located on the drill bit. Express the results as 


: 600 mm 
Cartesian vectors. 


F, = {—40i — 100j — 60k} N 
| a 


Position Vector: The position vectors m4 and rog, Fig. a2, must be determined first. 
wa = (0.15- Oi + (0.3—0)j+ (0-0) = (0.15i+ 0.3j]m Fy = {—50i — 120j + 60k} N 
log = (0- Oi +(0.6— 0)j+ (0.15 — 0)k = [0.6j-0.15k ]m : 


Vector Cross Product: The moment of F,4 about point O is 


(Mr )o =a XFa 
ij k 
=(.15 03 0 
40 -100 
=[-181+9j-3k]N-m 


The moment of Fz about point O is 


(Mr)o =p XFg 
ijk 
06 -0.1 
50 -120 60 
=[18i+7.5j+30k]N -m 


KC 015, 0:3 0-03)m 
x 
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*4-44, A force of F = {6i — 2j + 1k} kN produces a 
moment of Mo = {4i + 5j — 14k} kN-m about the origin 
of coordinates, point O. If the force acts at a point having an 
x coordinate of x = 1 m, determine the y and z coordinates. 


j k 

Maro =]! y 2)=4i +5j-14k]kN-m 
21 

yt+2r=4 

-1+62 =5 

—2-6y =-14 

y=2m_ Ans. 

z=I1m_ Ans, 


e445. The pipe assembly is subjected to the 80-N force. 
Determine the moment of this force about point A. 


Position Vector And Force Vector: 


Fac = {(0.55-0)i+(0.4-0)j+(-0.2-0)k} m 
= (0.551 +0.4j-0.2k} m 


F = 80(cos 30°sin 40°i +cos 30°cos 40°j—sin 30°k) N 
= (44,531 + 53.07] - 40.0k} N 


Moment of Force F About Point A : Applying Eq.4-7, we have 


M, =%cXF 


i j k 
=|055 04 2a] 
4453 53.07 40, 


= {-5.391 + 13.1j+ 114k} N-m 
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4-46. The pipe assembly is subjected to the 80-N force. 
Determine the moment of this force about point B. 


Position Vector And Force Vector: 


Fac = {(0.55—-0)i +(0.4—0.4)j+(-0.2-0)k} m 
= {0.55i-0.2k} m 


F = 80(cos 30°sin 40° + cos 30°cos 40°j—sin 30°) N 
= {44.53i + 53.07j-40.0k} N 


Moment of Force F About Point B: Applying Eq.4-7, we have 


Mg = "gc XF 
i j k 
=| 0.55 0 -22| 
44.53 53.07 40, 


= {10.61 + 13.1J+29.2k} N-m 


4-47. The force F= {6i+ 8j + 10k}N creates a 
moment about point O of Mj = {-14i + 8] + 2k} N-m. 
If the force passes through a point having an x coordinate of 
1 m, determine the y and z coordinates of the point. Also, 
realizing that Mo = Fd, determine the perpendicular 
distance d from point O to the line of action of F. 


ijk 
~I4l+8j+2k ali y ; 


68 1 
-14 = Oy - & 
8 = -10 + & 
2 = 8 -6y 
yolm Ans 


z=3m Ans 
Mo = ¥(-14)? + (8) + (22 = 16.25N- m 
F = /(6) + (8)? +(10p = 14.14N 


16.25 
4. 
"tai 7 bia Ans 
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*4-48. Force F acts perpendicular to the inclined plane. 
Determine the moment produced by F about point A. 
Express the result as a Cartesian vector. 


Force Vector: Since force Fis perpendicular to the inclined plane, its unit vector u 
is equal to the unit vector of the cross product, b = ryc X rpc, Fig. a-Here 

rac = (0- 0)i+ (4-0) j+(0- Dk =[4j- x] m 

Fac = (0- 3)i+(4—- 0)j+(0 —0)k =[-3i+ 4jlm 


Thus, 


ij k 


b=R4 xR =|0 4 - 
34 0 


= (12i+ 95+ 12k] m? 


Then, 
tp = 2 = AONE I ~ 0.62471 + 0.46855 + 0.6247 


Wiz? + 2 +12? 


And finally 
F = Far = 400(0.6247i + 0.4685j+0.6247k) 
= [249.881 + 187.41j+ 249.88k]N 


Vector Cross Product: The moment of F about point A is 
i j k 

Ma, =m XF=} 0 4 3 
9.88 187.41 249. 


= [1.56i— 0.750j- Ik] KN-m 
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e449, Force F acts perpendicular to the inclined plane. 
Determine the moment produced by F about point B. 
Express the result as a Cartesian vector. 


Force Vector: Since force Fis perpendicular to the inclined plane, its unit vector u 
is equal to the unit vector of the cross product, b = rac X Ipc, Fig. a.Here 

rac = (0- 0)i+ (4-0) j+(0- Dk =[4j- %]m 

Fac = (0- 3)i+(4— 0)j+(0 —0)k =[-3i+ 4jjm 


k 
=[12i+ 9j+ 12k] m2 


j 
4 
4 


0 


uf =o = 121+ 9} + 12k _ ~ 0.62471 + 0.46855 + 0.6247k 


Viz? +97 4122 


And finally 
F = Far = 400(0.6247i + 0.46855 +0.6247k) 
=[249.88i + 187.41j+ 249.88k]N 


Vector Cross Product: The moment of F about point B is 
i j k 
Mp = tac XF =| 3 4 0 
9.88 187.41 249. 
= [li+0.750j—1.56k] KN-m 
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4-50. A 20-N horizontal force is applied perpendicular to 
the handle of the socket wrench. Determine the magnitude 
and the coordinate direction angles of the moment created 
by this force about point O. 


f= 0.2 sin 15 °L + 0.2 008 15° j + 0.075 & 
= 0.05176 i +0.1932 § +0.075 & 
F = ~20.cos 15° + 20sin 15°j 
=-19.321+5,176j 
i J k 
Mo = rm x F = |0.05176 0.1932 0.07 
-19.32 5.176 0 
= (-0.38821- 1.449) +4.00k) N- m 


Mo 24.272 = 4.27N- m Ans" 
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4-51. Determine the moment produced by force F about F = {—6i + 3j + 10k} N 
the diagonal AF of the rectangular block. Express the result 
as a Cartesian vector. 


Moment About Diagonal AF: Either position vector r4g or rg , Fig. a, can be used to find the moment of F 
about diagonal AF’. 

rag = (0- 0)i+(3—0)j+(1.5—1.5)k = [3j]m 

trp = (0- 3)i+ (3-3 j+(1.5-0)k =[-Bi+1.5k]m 


The unit vector a 4r , Fig. a, that specifies the direction of diagonal AF is given by 


— (3— Of +(3-—0)j+(O0-1.5)k =Si+Si-zk 


¥3-0)7+G-07+0-152 3 


The magnitude of the moment of F about diagonal AF axis is 


Mar = Gar ‘Sap XF= 
6 
= 2(x10-2x0}-2 010) --040}+{-2 }o--043] 
=14N-m 


a 


15 
10 


2 2 
Mar = Yar -hpR XF=|3 3 
3 0 
6 3 


= F [000-3 15]-F(-ax10)-(-011.5]+{-3 axa --640} 
=14N-m 


Thus, Mar can be expressed in Cartesian vector form as 


Pee gers $142 )-34)=(9391+933)- 4671N-m 


F(33,0)m 


(2) 
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*4-52. Determine the moment produced by force F about F = {-6i + 3j + 10k} N 
the diagonal OD of the rectangular block. Express the 
result as a Cartesian vector. 


Moment About Diagonal OD: Either position vector rog or rpg, Fig. a, can be used to find the moment of F 
about diagonal OD. 


rog =(0—0)i+(3- 0)j+(1.5-0)k = Bj+ 1.5j]m 
rpg = (0- 3i+ (3—3j+(1.5-1.5)k = -3]m 


The unit vector ugp, Fig. a, that specifies the direction of diagonal OD is given by 


— (3- 0} +(3-0)j+(1.5- 0)k eh 


fe-07 +G-07+0-1.5" > = 8 


The magnitude of the moment of F about diagonal OD is 


Mop = "op ‘tog XF = 


= $[X10)- (341.5) - =[O0)~(-641.5)}+ 203) -(-6)3}] 
=17N-m 


2 
Mop = Sop ‘tpg XF = A 


6 10 


= = (0110) 30] $[-X10)~(-640)]+ 2[-43)- 6x0} 
=17N-m 


Thus, Mgp can be expressed in Cartesian vector form as 


Mop = Mop%op = rf 3142544} <u13is11a}s 5.67k]N-m 


D(3,3,1-9)™ 
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e4-53. The tool is used to shut off gas valves that are 
difficult to access. If the force F is applied to the handle, 
determine the component of the moment created about the 
z axis of the valve. F = {—60i + 20j + 15k} N 


uck 
r = 0.25 sin 30° i + 0.25 cos 30°j 
= 0.1254 + 0.21653 
0 0 1 


M, = 10.125 0.2165 | = 15.5N-m Aus 
-8 2 1 


4-54. Determine the magnitude of the moments of the 
force F about the x, y, and z axes. Solve the problem (a) using 
a Cartesian vector approach and (b) using a scalar approach. 


a) Vector Analysis 
Position Vector : 
Fag = {(4—-0)i+(3-0)j+(-2-0)k} ft= (41+3}—2k}) ft 


Moment of Force F About x, y and z Axes : The unit vectors along 
x, y and z axes arei, j and k respectively. Applying Eq.4-Fi, we have 


M, =i-(t&g X F) 
1 0 0 
a 
= 1(3(-3) —(12)(—2)] -0+0= 15.0 lb- ft F = {4i + 12j — 3k} Ib 


M, =j-(t,g x F) 


= 0- 1[4(-3) -(4) (-2)] +0 = 4.00 Ib- ft b) Scalar Analysis 
Maks *F) M,==M,; — M, = 12(2)~3(3)=15.01b-ft Ans 


M, = =M,; M, = —4(2)+3(4) = 4.00 Ib - fi Ans 


= 0-0+ 114(12) —4(3)1 = 36.0 Ib- ft 


M,=%M,; M, =—4(3)+12(4)=36.0lb-ft Ans 
Zz 
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4-55. Determine the moment of the force F about an axis 
extending between A and C. Express the result as a 
Cartesian vector. 


F = (41 + 12j — 3k} Ib 


Position Vector : 


Tce = {-2k} ft 
Fag = {(4-0)1+(3-0)j+(-2—0)k} ft= {41+3j-2k} ft 


Unit Vector Along AC Axis: 
Mac =Uyc°(Fyg X F) 


(4-0)i+(3-0)j 
= ———_———= = 081+ 0.6 

(4-0)? +(3-0)? : i. 
M f Force F About AC Axis : With F = (4i+12j-3k} bb aaitninaic: 

foment of Force F About xis: = (41+ 12j- . = 0.8[(3) (-3) — 12(-2)] 0.643) —4/— 
applying Eq.4—-%f, we have }~0.6[4(-3) -4(~-2)] +0 


Yc 


= 14.4 lb-ft 


Myc =U4c¢°(fcg X F) 
Expressing My¢ as a Cartesian vector yields 


=/0 0 = 
4 12 - 
= 0.8[(0) (—3) — 12(-2)] - 0.6[0(-3) —4(-2)] +0 


08 0.6 : 


Mac = Mycttac 
= 14.4(0.81 + 0.6)) 
= {11.51 +8.64j} Ib. fe 


= 14.4 lb-ft 
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*4-56. Determine the moment produced by force F about 
segment AB of the pipe assembly. Express the result as a 
Cartesian vector. 


F = {—20i + 10j + 15k} N 


Moment Abont Line AB: Either position vector rac or rgc can be conveniently used 
to determine the moment of F about line AB. 

rac =(3— 0)i+(4-0)j+(4-0)k =[31+4j+ 4k ]m 

Tac =(3~- 3)i+(4- 4)j+(4-0)k =[4k]m 


The unit vector u 4g , Fig. a, that specifies the direction of line AB is given by 
(3— Oi +(4-0)j+(0-Ok _ 354 4j 


U4R = 
(3-0)? +(4-0)7+0-0)7 > * 


Thus, the magnitude of the moment of F about line AB is given by 


Map = U4R “TAC xF= 


0 
4 
1 


= Sas) 10(4)]- $0115) ~(-20, 4] + 0 


=-88N-m 
Thus, Mg can be expressed in Cartesian vector form as 


Mis = Matas ~-to 31+ 4))= 5281-704. Ans. 
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°4-57. Determine the magnitude of the moment that the 
force F exerts about the y axis of the shaft. Solve the 
problem using a Cartesian vector approach and using a 
scalar approach. 


a) Vector Analysis 

Position Vector and Force Vector: 
Fog = {0.2cos 45°i —0.2sin 45°k} m = {0.1414i-0.1414k} m 
F = 16{-cos 30°i +sin 30°k} N = {—13.856i + 8.00k} N 


Moment of Force F About y Axis : The unit vector along the y axis 
is j. Applying Eq.4-11, we have 


M, =5-(top * F) 


0 1 0 
=| 0.1414 0 -aiai4 


-13.856 0 8 
= 0- 1[0.1414(8) —(—13.856) (-0.1414)} +0 


= 0.828 N-m 


b) Scalar Analysis 


M,=2M,; M, = l6cos 30°(0.2sin 45°) 
~ 16sin 30° (0.2cos 45°) 
= 0.828 N-m Ans 
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4-58. If F = 450N, determine the magnitude of the 
moment produced by this force about the x axis. 


Moment Abont the x axis: Either position vector rag or fp can be used 
to determine the moment of F about the xaxis. 

rap = (-0.15 —0)i+(0.3—- 0)j+(0.1— Ok = [-0.151+0.3j+0.1k]m 

tq = [(-1.5—C0.15)]i+ (0.3- 0)j+(0.1-0)k = (0.3j+ O.1k]m 


The force vector F is given by 
F = 450(— cos 60° + cos 60° j+ cos 45°k) = [-225i+ 225j+318.20k]N 


Knowing that the unit vector of the x axis is i, the magnitude of the moment of F about the x axis is 
given by 


1 0 0 
0.15 03 O1 
-225 225 318.2! 


= 1[0.(318.20) —(225}(0.1)] + 0+ 0 = 73.0N -m 


M, =i-rag xF= 


0 
03 Ol 
225 225 318.20 


= 1[0.3(318.20) — (225) 0.1)]+0+0= 73.0N -m 
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4-59. The friction at sleeve A can provide a maximum 
resisting moment of 125 N-m about the x axis. Determine 
the largest magnitude of force F that can be applied to the 
bracket so that the bracket will not turn. 


Moment About the x axis: The position vector rg , Fig. a, will be used 
to determine the moment of F about the xaxis. 
rap = (-0.15—0)i+ (0.3- 0)j+(0.1- Ok = -0.151+0.3j+0.1k]m 


The force vector F is given by 
F = F(—0s60°i + cos 60°j+ cos 45°k) = —0.5Fi + 0.5Fj+ 0.7071Fk 


Knowing that the unit vector of the x axis is i, the magnitude of the moment of F about the x axis is 
given by 


1 0 0 
0.15 03 0.1 
O.5F O.5SF 0.7071F 
= 1[0.X0.7071F)— 0.5F(0.1)]+ 0+ 0 = 0.1621F 
Since the friction at sleeve A can resist a moment of M, = 125N -m, the maximum allowable magnitude of 
F is given by 


M, =i-rap xF= 


125 =0.1621F 
F=TIIN 
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*4-60. Determine the magnitude of the moment 
produced by the force of F = 200 N about the hinged axis 
(the x axis) of the door. 


Moment About the x axis: Either position vector r9g ort, can be used 
to determine the moment of F about the xaxis. 

Fo = (2.5— 2.5)i+ (0.9659 — 0)j+ (0.2588 — 0)k = [0.9659 j + 0.2588k]m 
rog =(0.5 -0)i+(0—0)j+(2-0)k = (0.5i+ 2k]m 


The force vector F is given by 


(0.5— 2.5)i+(O0— 0.9659)j+ (2 -—0.2588)k 


qos- 2.5)? +(0 — 0.9659)” +(2 — 0.2588)” 


Knowing that the unit vector of the x axis is i, the magnitude of the moment of F about the xaxis is 
given by 


F = Fagg = 2 = [-141.73i — 68.45j+ 123.39k]N 


1 0 0 
M, =i-ny xF = = 137N- 
a SECA 0 0.9659 0. Siem 


141.73 -68.45 123.3) 


1 
0.5 
141.73 -68.45 123.3 


M, =i-rog XF= 


B(0.5,0,2)m 4 


\ 


= (2-5, 09059, 02588) ™ 
C(2-5,0,0)Mm 


(4) 
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°4-61. Ifthe tension in the cable is F = 140 lb, determine 
the magnitude of the moment produced by this force about 
the hinged axis, CD, of the panel. 


Moment About the CD axis: Either position vector rq, or Mpg , Fig. a, can be used 
to determine the moment of F about the CD axis. 

rca = (6—- 0)i+(O- 0)j+ (0 —0)k =[6i] ft 

Epp = (0- Oi+(4—-8)j+(12— 6k =[4j+ 6k] ft 


Referring to Fig. a, the force vector F can be written as 


(0 -—6)i+(4—- 0)j+(12- Ok 


F = Fo gg = 1 
(0 -6)* +(4-0)* +(12— 0)” 


= 601 +40j+ 120k] Ib 


The unit vector aqp , Fig. a, that specifies the direction of the CD axis is given by 


agp = OnE (S— 0+ (6— OW _ 4 5, 34 


(0-0)? +(8-0)7+(6-07 > > 
Thus, the magnitude of the moment of F about the CD axis is given by 
0 
Mcp = "cp ‘tq XF = 
12 


=0- Slo 120) — (-60)( 0)] + $[6(40)- (-60,0) 
= ~432 Ib-ft 


Mcp = %cp ‘Tpp XF = ? 


2 
5 
4 
40 


120 
= 0 5[0(120) ~ (60,6) + 2040) -(-60)-4) 
= -432 lb-ft 


The negative sign indicates that Mcp acts in the opposite sense to that of ucp . 


BO, 4, IZ) F4 


A(6,0,0) 
(2) 
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4-62. Determine the magnitude of force F in cable AB in 
order to produce a moment of 500 Ib- ft about the hinged 
axis CD, which is needed to hold the panel in the position 
shown. 


Moment About the CD axis: Either position vector rc, or tog , Fig. a, can be used 
to determine the moment of F about the CD axis. 

Tc = (6— 0)i+(O- 0)j+ (0 —0)k = [6] ft 

rom = (0- 0)i+(4—0)j+ (12 —0)k = [4j+ 12k] ft 


Referring to Fig. a, the force vector F can be written as 


rhee (O- jae SET TR 0)j+12— Ok 3742 25+$ Sm 


(o- fo 6)? + (4-0) + (12-0) 0)? +(12- oy? | “7 
The unit vector ucp , Fig. a, that specifies the direction of the CD axis is given by 
diy i (0- 0)i+ (8 —0)j+(6— 0)k = 45438 
(O0— 0)? + (8— 0)? + (6 -0) 


Thus, the magnitude of the moment of F about the CD axis is required to be Mcp = [500|Ib- ft. Thus, 


sD 
CoUp,we 
> | 


1 
1 
apo 
™ 
aren 
CS 
Gcomaeend 
+ 


F = 1621b 
or 


Mcp = 4cp ‘tcp XF 


F 


BCO4 Id) ft 
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4-63. The A-frame is being hoisted into an upright 
position by the vertical force of F = 80 1b. Determine the 
moment of this force about the y’ axis passing through 
points A and B when the frame is in the position shown. 


Scalar analysis : 

M, = 80 (6 cos 15°) = 464 1b. ft Ans 
Vector analysis : 

Use = S480" 1 + cos 30°j 
Coordinates of point C : 

= = 3 sin 30° ~ 6 cos 15° cos 30° = - 3.52 ft 
Y = Joos W* + 6 cos 15° sin 30° = 5.50 ft 
22 6sn1S° = 1.558 

Fac @ — 3.521 + 5.50) +1.55& 


F = 80k 


M, = |~3.52 $.50 15 


sin 30° cos 30° “4 
0 0 80 


M, = 4641b- ft Ans 
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*4-64. The A-frame is being hoisted into an upright 
position by the vertical force of F = 80 1b. Determine the 
moment of this force about the x axis when the frame is in 
the position shown. 


Using x. y'. z: 
u, =cos 30° 7 +sin 30° fj 
fac = -6 cos 15° i’ +3 f' + 6sin 15° Kk 
F=80k 
cos 30° sin 30° 0 
M, =|-6 cos 15° 3 6 sin 15°) = 207.85 + 231.82 +0 
0 0 80 
M, =440lb- f{ Ans 
Also, using x, y, z. 
Coordinates of point C : 
x = 3sin 30° - 6 cos 15° cos 0” = - 3.52K 
y = 3cos 30° + 6 cos 15° sin 30° = 5.50ft 
z = 6sin 1S° = 1.55h 
fac = — 3.524 + 5.50) +1.55k 
F = 8k 
1 0 0 


me =bs.se 5.30 L3|=a0B: 8 Ans 
0 0 0 
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e4-65. The A-frame is being hoisted into an upright 
position by the vertical force of F = 80 1b. Determine the 
moment of this force about the y axis when the frame is in 
the position shown. 


Using x’, y'.z: 
u, =—sin 30° f +cos 30° J’ 
Fac =—6.cos 15° i +3 j' + 6sin 15° 
F=80k 
-sin30° = cos 30° 0 
M, =|-6 cos 15° 3 6 sin i] =-uosaanszs0 
0 0 80 
M, =282lb- { Ans 
Also, using x, y, z: 
Coordinates of point C : 
x = 3sin 30° — 6cos 15° cos 30° = - 3.52f 
y 2 3.cos 30° + 6 cos 15° sin 30° = 5.50ft 
z = 6sin 15° = 1.S5ft 
tac 2 — 3.526 + 5.505 +1.55k 
F = 80k 
0 


o 1 
w=} 5.50 19] =2mb 8 Ans 
0 oOo 280 
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4-66. The flex-headed ratchet wrench is subjected to a 
force of P = 16 lb, applied perpendicular to the handle as 
shown. Determine the moment or torque this imparts along 
the vertical axis of the bolt at A. 


M = 16(0.75 + 10sin60°) 


M = 151 bb-in. Ans 


4-67. If a torque or moment of 801b-in. is required to 
loosen the bolt at A, determine the force P that must be 
applied perpendicular to the handle of the flex-headed ratchet 
wrench. 


80 = P(0.75 + 10sin60°) 


Ps 941 = 8.50 Ib 
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*4-68. The pipe assembly is secured on the wall by the 
two brackets. If the flower pot has a weight of 50 Ib, 
determine the magnitude of the moment produced by the 
weight about the OA axis. 


Moment About the OA axis: The coordinates of point B are [(4 + 3cos 30°) cos 60°, (4 +3 cos 30° )sin 60°, 3sin30° ]ft = (3.299, 
5.714, 1.5) ft. Either position vector rop or rag can be used to determine the moment of W about the OA axis. 

Tog = (3.299 —0)i + (5.714 — 0)j+(1.5—0)k = [3.2991 + 5.7145 + 1.5k]ft 

tag = (3.299— 0)i+ (5.714 —4)j+(1.5— Dk =[3.299i + 1.7145 — 1.5k ]ft 


Since W is directed towards the negative = axis, we can write 
W = [-S0k]|b 


The unit vector ag, , Fig. a, that specifies the direction of the OA axis is given by 
es (0-0)1+(4- 0)j+ 3-0 = 45+ 

0-0)? +(4-0)2+(3-0)? > 
The magnitude of the moment of W about the OA axis is given by 


5 
299 5.714 1.5) 
0 0 -! 


=0- $[5.295(-50)-04 5)]+3.2990)- (5.714)] 
= 132 Ib-ft 


Moa = "04 ‘top X W= 


Moa = 804 ‘Tap X W= 


=0- $(3.299(-50)-0(-1.5]+ 3[3.299(0)-0 1.714)] 
= 132 Ib-ft Ans. 


83-299 5-714, 15) f+ 
(2) 
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°4-69. The pipe assembly is secured on the wall by the two 
brackets. If the frictional force of both brackets can resist a 
maximum moment of 1501b-ft, determine the largest 
weight of the flower pot that can be supported by the 
assembly without causing it to rotate about the OA axis. 


Moment Aboat the OA axis: The coordinates of point B are [(4 + 300s 30°) cos 60°, (4 +3 cos30° )sin 60°, 3sin30° ft = 3.299, 
5.714, 1.5) ft. Either position vector rog or rgc can be used to determine the moment of W about the OA axis. 

Frog = (3.299 —0)i+(5.714 — 0)j+ (1.5 -—0)k = B.299i+ 5.714j+ 1.5k]ft 

tmp = (3.299— 0)i+ (5.714 —4)j + (1.5— Dk =[3.299i + 1.714j—1.5k ]ft 


Since W is directed towards the negative < axis, we can write 
W=-W& 


The unit vector ugg , Fig. a, that specifies the direction of the OA axis is given by 
ay, = 0 -0)i+ (4 - 0)j+3- 0 =45.34 
0- 0)? +(4-0)? +(3-0)? 


Since it is required that the magnitude of the moment of W about the OA axis not exceed 150 ft-lb, we can write 
Moa = U0 ‘Top X Ww 


4 


I=] ° oS 


299 5.714 1.5 
0 oO - 
150=0 -2[3.294-W)- (1.5)]+ 3[3.299 0)-0(5.714)] 


W = 56.8 lb 
or 


= 
5 


Moa = %0a ‘Top X W 


150 = 0-2 [3.29%-W)- (0)]+38.29%0)- (5.714)] 
W = 5681b 


<F2IGE 74, 0) fe 
(a) 
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4-70. A vertical force of F = 60N is applied to the 
handle of the pipe wrench. Determine the moment that this 
force exerts along the axis AB (x axis) of the pipe assembly. 
Both the wrench and pipe assembly ABC lie in the x—y 
plane. Suggestion: Use a scalar analysis. 


Scalar Analysis : From the geometry, the perpendicular distance from 
x axis to force F is d= 0.15sin 45° +0.2sin 45° = 0.2475 m. 


M,2%M,;  M, = -Fd = -60(0.2475) =-14.8N-m 


Negative sign indicates that M, is directed toward negative x axis. 
M, = 14.8N-m Ans 
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4-71. Determine the magnitude of the vertical force F 
acting on the handle of the wrench so that this force 
produces a component of moment along the AB axis (x axis) 
of the pipe assembly of (M4), = {—5i} N-m. Both the pipe 
assembly ABC and the wrench lie in the x—y plane. 
Suggestion: Use a scalar analysis. 


Scalar Analysis : From the geometry, the perpendicular distance from 
x axis to F is d= 0.15sin 45° +0.2sin 45° = 0.2475 m. 


M,==M,; -S=~-F(0.2475) 
F=20.2N 


*4-72. The frictional effects of the air on the blades of the 
standing fan creates a couple moment of Mp = 6N-mon 
the blades. Determine the magnitude of the couple forces 
at the base of the fan so that the resultant couple moment 
on the fan is zero. 


Couple Moment: The couple moment of F produces a counterclockwise moment of Mc = F(0.15+ 0.15)= 0.3F. Since the 
resultant couple moment about the axis perpendicular to the page is required to be zero, 


(Mo) = 0M; 0=0.3F -6 F=20N Ans. 
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°4-73. Determine the required magnitude of the couple 
moments M, and Ms so that the resultant couple moment 
is Zero. 


Since the couple moment is the free vector, it can act at any point without 
altering its effect. Thus, the couple moments My, Mz, and M3 can be simplified 
as shown in Fig. a. Since the resultant of M;, M2, and M3 is required to be zero, 


(Mp)y = My; 0 = Mysin 45° — 300 
M> = 424.26 N-m=424N-m 


(Mp) = 2M; 0 = 424,26c0s 45° - M3 
M3 =300N-m 


246 


4 Solutions 44918 1/23/09 12:03 PM Page 247 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


4-74. The caster wheel is subjected to the two couples. 
Determine the forces F that the bearings exert on the shaft 
so that the resultant couple moment on the caster is zero. 


(+=, =0; 500(50)-F(40) =0 


F=625N 
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4-75. If F = 2001lb, determine the resultant couple 
moment. 


a) By resolving the 150 - 1b and 200 - Ib couples into their xand ycomponents, Fig. a, 
the couple moments (Mc ); and (Mc)2 produced by the 150 - 1b and 200 - Ib couples, 
respectively, are given by 
(Me) = —150c0s30°(4) — 150sin30°(4) = -819.62 Ib- ft = 819.62 Ib- ft 


(HM) = 20 © + 2 2c = 560 lb-ft 


Thus, the resultant couple moment can be determined from 


GM ede = (Moh +(Me)2 
= -819.62 + 560 = —259.62 Ib-ft = 260 Ib -ft (clockwise) 


By resolving the 150 - 1b and 200 - lb couples into their xand ycomponents, Fig. a, 
and summing the moments of these force components algebraically about point A, 


CMe dr = 2M43(Mc)p = —1508in30%4)- 150.0%30°(6)+200{ $+ 20 3k 


-200{ 2 }4)+200f $+ 1500s 30°(2)+ 150sin30°(0) 


= -259.62 lb-ft =260 Ib- ft (clockwise) Ans, 
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*4-76. Determine the required magnitude of force F if the 
resultant couple moment on the frame is 200 lb-ft, 


clockwise. 


By resolving F and the 150 - Ib couple into their x and y components, Fig. a, the couple moments (Mc ); and (M c)2 produced 
by Fand the 5 - KN couple, respectively, are given by 


Ge) = {4 )a+A 3}o =28F 


(HM, )2 = —150 cos 30°(4)— 150sin30°(4) = —819.62 Ib- ft = 819.62 Ib- ft 2 


The resultant couple moment acting on the beam is required to be 200 Ib: ft, clockwise. Thus, 


CHM. )p =(Me- i +(Mo)o 
—200 = 2.8F — 819.62 
F=221 1b 
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°4-77. The floor causes a couple moment of 
M, = 40N-m and Mz = 30N-m on the brushes of the 
polishing machine. Determine the magnitude of the couple 
forces that must be developed by the operator on the 
handles so that the resultant couple moment on the polisher 
is zero. What is the magnitude of these forces if the brush 
at B suddenly stops so that Mz = 0? 


(+ Mp = 40-30- F (0.3) =0 
F2333N Ans 
(+ Me =40-F(0.3)=0 


F=133N Ans 


4-78. If 6 = 30°, determine the magnitude of force F so that 
the resultant couple moment is 100 N- m, clockwise. 


By resolving F and the 300 -N couple into their radial and tangential components, Fig. a, 
and summing the moment of these two force components about point O, 


(im \r=%Mg; -100= Fsin45°(0.3)+ Fos 15°(0.3)— 2300cos 30° (0.3) 
F=I111N Ans. 


Note: Since the line of action of the radial component of the forces pass through point O, no 
moment is produced about this point. 


300$in30°N 


30° . 
© 30000530°N 


in 2) Fsin/g5e 
3O0N ; 
300 Sin 30°N 


@ 
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4-79. If F = 200 N, determine the required angle @ so that 


the resultant couple moment is zero. 


By resolving the 300 - N and 200 -N couples into their radial and tangential components, Fig. a, 
and summing the moment of these two force components about point O, 


GM, Yr =IMo; 0 = 200sin45°(0.3) + 2000s 15°(0.3) — 300 cos 6(0.3) —300cos 6(0.3) 
6 = 56.1° Ans. 


Note: Since the line of action of the radial component of the forces pass through point O, no 
moment is produced about this point. 


300 Sin O 


L008 jn 
3008iNG 
(2) 


*4-80. Two couples act on the beam. Determine the 
magnitude of F so that the resultant couple moment is 
450 lb - ft, counterclockwise. Where on the beam does the 
resultant couple moment act? 


(+Mg = EM; 450 = 200(1.5) + Fcos30°( 1.25) 


F= 139 Ib Ans 


The resultant couple moment is a free vector. It can act at any point on the beam. 
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4-81. The cord passing over the two small pegs A and B of 
the square board is subjected to a tension of 100 N. 
Determine the required tension P acting on the cord that 
passes over pegs C and D so that the resultant couple 
produced by the two couples is 15 N-m acting clockwise. 
Take @ = 15°. 


(ma = 100 cos 30° (0.3) + 100 sin 30° (0.3) - P sin 15° (0.3) = P cos 15° (0.3) =f 5 


P = 70.7N Ans 


4-82. The cord passing over the two small pegs A and B of 
the board is subjected to a tension of 100 N. Determine the 
minimum tension P and the orientation 6 of the cord 
passing over pegs C and D, so that the resultant couple 
moment produced by the two cords is 20 N- m, clockwise. 


For minimum P require @ = 45° Ans 


(ema = 100 cas 30° (0.3) + 100 sin 30° (0.3) - (5) = 2 


P = 49.5N Ans 


4-83. A device called a rolamite is used in various ways to 
replace slipping motion with rolling motion. If the belt, 
which wraps between the rollers, is subjected to a tension of 
15 N, determine the reactive forces N of the top and bottom 
plates on the rollers so that the resultant couple acting on 
the rollers is equal to zero. 


(+=, =0; — 15(50+50sin 30°) - N(50cos 30°) = 0 


N=26.0N 
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*4-84. Two couples act on the beam as shown. Determine 
the magnitude of F so that the resultant couple moment is 
300 Ib: ft counterclockwise. Where on the beam does the 
resultant couple act? 


4 
\ +(Mo)e = oF) + 375) — 200(1.5) = 300 


F = 167 lb Ans 


/ 


Resultant couple can act anywhere, Ans 


e4-85. Determine the resultant couple moment acting on 
the beam. Solve the problem two ways: (a) sum moments 
about point O; and (b) sum moments about point A. 


Mg =8 cos 45°(1.8)+8 sin 45°(0.3)+2 cos 30°(1.8) 


—2 sin 30°(0,3)-2 cos 30°(3.3)— 8 cos45°(3.3) 


Mz =-9.69KN- m=9,69kKN- m 2 Ans 


Mg = 8sin45°(0.3)— 8cos45°(1.5) 


—2cos30°(1.5)—2sin30°(0.3) 


=-9.69KN- m=9.69kN+ m 2 
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4-86. Two couples act on the cantilever beam. If 
F = 6kN, determine the resultant couple moment. 


a) By resolving the 6 - KN and 5 - KN couples into their xand y 
components, Fig. a, the couple moments (M,,); and (M. )2 
produced by the 6- KN and 5 - KN couples, respectively, are 
given by 


(Mo) = 6sin30°(3)— 600s 30° 0.5+ 0.5)= 3.804 KN +m 
(HM e)2 = {2}os+ 0.5)- x =\a= —-9kN -m 


Thus, the resultant couple moment can be determined from 
(Mo)r =(M-) +(Me)2 
= 3.804—9 = —5.196 KN -m=5.20 kN -m (clockwise) 


By resolving the 6 - KN and 5 - KN couples into their xand y components, 


Fig. a, and summing the moments of these force components about point A, 
we can write 


(HM or ==M,; (M.)r= (2 Joss (4 \9- 600s 30°(0.5) ~ 6 sin 30% 3) 


+.6sin30°(6) - 600s 30°(0.5)+ {3 }05- { 4\6 
= —5.196 KN -m = 5.20 KN -m (clockwise) 


5(H5) KN 
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4-87. Determine the required magnitude of force F, if the 
resultant couple moment on the beam is to be zero. 


By resolving F and the 5 - KN couple into their xand y components, Fig. a, the couple moments 
(M ,.); and (M, )2 produced by F and the 5 - KN couple, respectively, are given by 


Cum c) = Fsin30°(3)— Fos 30°(1) = 0.6340F 
(4.2 = {2 }o- {4} = -9KN-m 


The resultant couple moment acting on the beam is required to be zero. Thus, 
(M,)r =(M-)+(Me)2 

0 = 0.6340F -9 

F=14.2kN-m Ans. 


4 Solutions 44918 1/23/09 12:03 PM Page 256 ¢ 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*4-88. Two couples act on the frame. If the resultant 
couple moment is to be zero, determine the distance d 
between the 40-lb couple forces. 


4 +Me = 0 = 40c0830"(d) ~ 60($ (4) 


d=5.54ft Ans 


e4-89. Two couples act on the frame. If d = 4 ft, determine 
the resultant couple moment. Compute the result by resolving 
each force into x and y components and (a) finding the 
moment of each couple (Eq. 4-13) and (b) summing the 
moments of all the force components about point A. 


(a) 


¢ +Me = dcos30" (4) 60(5)(4) = ~53.4 Ib: f=53.4Ib- ft) Ane 


(b) 


(Me = 400130" (2) + 00530" (6) + 60(5 a) + 60(3}en -60( cr -60(2) 


=-53.4b- f= 53.4b- a} Ans 


4-90. Two couples act on the frame. If d = 4 ft, determine 
the resultant couple moment. Compute the result by 
resolving each force into x and y components and (a) finding 
the moment of each couple (Eq. 4-13) and (b) summing the 
moments of all the force components about point B. 


(a) 


i +e = 4000430" (4)~60(5 (4) = ~53.4 b- ft = $3.4 bb- rn) Ans 


(b) 
(+Me = 400830" (5)~ 4020830" (1) + 60(5 )(2)—60(5 }em 


=-53.4- 2534-2 2 Ans 
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4-91. If M,= 500 N-m, M, = 600 N-m, and M3 = 450 N-m, 
determine the magnitude and coordinate direction angles 
of the resultant couple moment. 


Since the couple moment is a free vector, it can act at any point without altering its effect. Thus, 
the couple moments Mj, M2, and M3 acting on the gear deducer can be simplified, as shown in 
Fig. a. Expressing each couple moment in Cartesian vector form, 

M, = [500j] N -m 

M2 = 600(— cos 30° — sin30°k) = { -519.62i — 300k} N -m 

M3 =[—450k] N -m 


The resultant couple moment is given by 

(M,)p = =M; (M.)r =M, +M2 +M3 
= 500j + (-519.62i = 300k) + (~450k) 
=[-519.62i+ 500j— 750k]N -m 


The magnitude of (M,. )p is 


(Me )p = fu Yeh? +M ode ly? + UM odp le? 
= {19.82 )? + 5002 + (-750)? 


= 1040.43N -m=1.04kN-m 


The coordinate angles of (Mc)p are 


Het) 


core ek }- 


(Mo )r 
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*4-92, Determine the required magnitude of couple 
moments Mj), Mb, and M; so that the resultant couple 
moment is Mr = {—300i + 450j — 600k} N-m. 


Since the couple moment is a free vector, it can act at any point without altering its effect. Thus, 
the couple moments Mj), M2, and M3 acting on the gear deducer can be simplified, as shown in 
Fig. a. Expressing each couple moment in Cartesian vector form, 

M, = Mj 

M2 = M( —cos30°i- sin30°k) = —0.8660M >i = 0.5M2zk 

M3 =—-M3k 


The resultant couple moment is given by 
(M,.)z = =M; (M..)z =M; +M2+M3 
(-300i + 450j — 600k) = M,j+(-0.8660M 2i - 0.5M2k)+(—M3k) 
— 300i + 450j — 600k = -0.8660M 21+ M,j—(0.5M>2 + M3)k 


Equating the i, j, and k components yields 

-300 =-0.8660M, M7 =34641N-m=346N-m 
M, = 450N-m 

600 = -0.5(346.41)+ M3 M3=427N-m 
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4-93. If F =80N, determine the magnitude and 
coordinate direction angles of the couple moment. The pipe 
assembly lies in the x—y plane. 


It is easiest to find the couple moment of F by taking the moment of F or — F about point 
Aor B, respectively, Fig. a. Here the position vectors rag and rga must be determined first. 


rg =(03-0.2)i+ (0.8- 0.3)j+(0- Ok = [0.i+ 0.5j]m 
rq = (0.2 —0.3)i+(0.3-0.8)j+(0- Ok = [-0.1i-0.5j]m 


The force vectors F and —F can be written as 
F ={80k}N and —F =[-80k]N 


Thus, the couple moment of F can be determined from 
i j k 


M, =tmgpXxF=0.1 05 0}=[40i-8jJN-m 
0 0 80 


a 
ij k 

M, =r X-F=}0.1 -0.5 0 |=[40i- 8jJN-m 
6 0 « 


The magnitude of M, is given by 


M, = fu? +My?+ M,2 = 440? +(-8)? +0? = 40.79N-m=408N-m 
The coordinate angles of M, are 


-{ M, 40 S 
a = cos {2} -c0( 2-113 


A (0.2, 93, am 


B03, 08,0)m 


(2) 
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4-94. If the magnitude of the couple moment acting on 
the pipe assembly is 50 N- m, determine the magnitude of 
the couple forces applied to each wrench. The pipe 
assembly lies in the x—y plane. 


It is easiest to find the couple moment of F by taking the moment of either F or —F about point 
Aor B, respectively, Fig. a. Here the position vectors r4g andrg, must be determined first. 
rap = (0.3—0.2)i+ (0.8 —0.3)j+(0 —0)k =[0.11+0.5j] m 

rp, = (0.2— 0.3)i+ (0.3— 0.8)j+ (0 —0)k = [-0.1i—- 0.5j]m 


The force vectors F and —F can be written as 
F ={Fk}Nand -F =-Fk]N 


Thus, the couple moment of F can be determined from 
i j k 

M, =rag XF=(0.1 0.5 0}=0.5Fi-0.1Fj 
0 O F 


The magnitude of M , is given by 


M, = (ur? +My? +M,? = qos? +(0.1F)* +0 = 0.5099F 


Since M,, is required to equal 50 N -m, 
50 =0.5099F 
F=98.1N 
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4-95. From load calculations it is determined that the 
wing is subjected to couple moments M, = 17 kip: ft and 
My, = 25 kip: ft. Determine the resultant couple moments 
created about the x’ and y’ axes. The axes all lie in the same 
horizontal plane. 


(My), ==M,-; (My), = I7cos 25° - 25sin 25° 
= 4.84 kip- ft 


(Mg), =EM,-; (Mg), = 17sin 25° + 2Scos 25° 
= 29.8 kip- ft 


My=!7 kp fe 


a 


*4-96. Express the moment of the couple acting on the 
frame in Cartesian vector form. The forces are applied 
perpendicular to the frame. What is the magnitude of the 
couple moment? Take F = 50ON. 


Mc = 30(1.5) = 75N-m Ans 
Mc = - 75 (cos 30° I + cos 60° k) 


= (- 65.01 - 37.5k}N- m Ans 
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°4-97, In order to turn over the frame, a couple moment is 
applied as shown. If the component of this couple moment 
along the x axis is M, = {—20i} N-m, determine the 
magnitude F of the couple forces. 


20 = F (1.5) cos 30° 


F = 15.4N Ans 


4-98. Determine the resultant couple moment of the two 
couples that act on the pipe assembly. The distance from A to 
Bisd = 400 mm. Express the result as a Cartesian vector. 


Vector Analysis 
Position Vector: 


tg = {(0.35-0.35)i + (-0.4c0s 30° - 0) j+(0.4sin 30°-0)k} m 
= {-0.3464j +0.20k} m 


Couple Moments : With F, = {35k} N and F, = {—50i} N, applying 
Eq.4-15, we have Resultant Couple Moment : 


(Mc), = tap XF; My ==M; Mg =(Mc), +(Mc), 


i j k = {-12.1i-10.0j-17.3k} N-m 
0.3464 oy = {12.125} N-m 


35 


Scalar Analysis ; Summing moments about x, y and z axes, we have 


(Mc), = tag XP, 
i k (My), = =M,; (Mg), = —35(0.4cos 30°) = 12.12 N-m 


=|0 0.3464 024 = {-10.0j-17.32k} N-m (My), =EM,; (Mg), = $0(0.4sin 30°) = -10.0N-m 
~50 0 0 (My), =EM,; (Mp), = -50(0.4e0s 30°) ==17.32N-m 


Express My, as a Cartesian vector, we have 


My = {-12.14—10.0j-17.3k} N-m 
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4-99. Determine the distance d between A and B so that the 
resultant couple moment has a magnitude of Mg = 20 N-m. 


Position Vector: 


ta = {(0.35-—0.35) i + (—deos 30° — 0) j + (dsin 30°-0)k} m 
= {-0.8660d j+0.50d k} m 


Couple Moments : With F, = {35k} N and F, = {-50i} N, applying Eq.4— 15, 
we have 


(Mc), = ta XF, 
i j k 
=/0 —0.8660d 0.50d| = {-30.31d i} N-m 
0 0 35 


(Mc), = tae XR, 
i j k 
=| 0 -0.8660d = 0.50d| = {~25.0d j-43.30d k} N-m 
-50 0 0 
Resultant Couple Moment : 


M, ==M; My =(Mc), +(Mc); 
= {-30.31d i-25.0d j-43.30d k} N-m 


The magnitude of My is 20 N- m thus 


20 = ¥(-30.31d)? + (-25.0d)? + (43.30d)* 


d=0.3421 m=342 mm 
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*4-100. If M, = 180 lb-ft, M, = 90 lb-ft, and M; = 120 lb-ft, 
determine the magnitude and coordinate direction angles 
of the resultant couple moment. oo 
Since the couple moment is a free vector, it can act at any point without altering its effect. Thus, 

the couple moments M), M2, M3, and M4 acting on the gear deducer can be simplified, as shown 

in Fig. a. Expressing each couple moment in Cartesian vector form, 

M, = [180j] Ib -ft 

M2 =[-90i] Ib -ft 


(2 -0)i+ (-2- 0)j+(1+0)k 


2-0)? +(-2-0)7 +(1-0)" 


Mg = 150{cos 45° sin45°i — cos 45° cos 45°j — sin 45°k ] = [75i — 75j — 106.07k fib- ft 


= Mgu = 12 =[80i-80j+ 40k] lb-ft 


The resultant couple moment is given by 

(M.)p = =M; (Mp =M; +M2 +M3 +My4 
= 180j—90i + ( 80i —80j + 40k ) + (75i —75j— 106.07k) 
= [65i+25j— 66.07k]Ib-ft 


The magnitude of (M,.)z is 


(Mode =f(Moek +ModRly? + (Medel 
= 65)? + (25)? + (66.07)? 


= 95.99 Ib-ft =96.0 Ib- ft 


The coordinate — of (M, )p are 


a= cos ood SoS |= 474" 
(Hoek (Mee }- 95.99 


B= cow-t{ (Modaly ate i 
“Won 
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e4-101. Determine the magnitudes of couple moments 


M;, Mb, and M; so that the resultant couple moment is zero. are 
ft 


Since the couple moment is a free vector, it can act at any point without altering its effect. Thus, 
the couple moments M), M2, M3, and My acting on the gear deducer can be simplified, as shown 
in Fig. a. Expressing each couple moment in Cartesian vector form, 

M = Mij 

M2 =-M2i 


Ms = Magn = Ma | eC t= 0+ 04 OR = SM3i- M3 j+= Mak 


¥2-0)? +(-2-97 +0-07 | 3 


Mg = 15({c0s 45° sin 45°i — cos 45° cos 45°j — sin 45°k ] = [75i —75j— 106.07k] Ib-ft 


The resultant couple moment is required to be zero. Thus, 
(M.)p = 2M; 0=M)+M2+M3 +M4 


0= Mub+Ma+{ 2M ~2M3i+5 Mak scsi 75j—- 106.07) 


0-(-Ms +5M3 +75 }i+( mi -2M3 -15}i+( Sas - 10607 


Equating the i, j, and k components, 


0=-M2 +iMs +75 


O=M, -iMs -75 
= 3M3 — 106.07 ) 
Solving Eqs. (1), (2), and (3) yields 


M3 =3181b-ft 
M, = Mp = 287 Ib-ft 
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4-102. If F,; = 100lband F, = 2001b, determine the 
magnitude and coordinate direction angles of the resultant 
couple moment. 


Couple Moment: The position vectors n, rm, and r3, Fig. a, must be determined first. 
n =[=2k]ft rm =[2k]ft v3 =[2k] ft 


The force vectors F, , Fz , and F3 are given by 
F, = [100j] 1b F, = [200i] Ib 


(0 —3)i+(4—0)j+(2— 2k 


fo 37 +(4- 0)? + (2-2) 


F3 = Ku= = + 150i+200j] Ib 


Thus, 

M, = n xF, =(—2k)x (100j)= [200i] Ib- ft 

Mp = mr x F2 = (2k) x (200i) = [400j] lb-ft 

M3 =P; x F3 = (2k) x (-150i+ 200) = [400i — 300j] lb-ft 


Resultant Moment: The resultant couple moment is given by 
(M.)pz = =M_-; (M,)z =M, +M2+M3 
= (200i) + (400j) + (400i -300) 
= [200i + 100j] Ib- ft 


The magnitude of the couple moment is 


(M.)p = dw. Yeh? +UMoRly? + (Mor le 
= 200) +(100)* +(0)* 


= 223.61N -m=224N-m 
The coordinate angles of (Mc), are 
anon (Mc )rk J=o( —200 }- 153° 
(Mz. )R 223.61 


B = cos (Modrly = mi }-e" 
(Mer 223.61 . 


y =e ok) co 0 ) = 90° 
(Mer 223.61 
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4-103. Determine the magnitude of couple forces F; and 
F, so that the resultant couple moment acting on the block 
is Zero. 


Couple Moment: The position vectors rj, 1, and r3, Fig. a, must be determined first. 
n = F-2kjft r2 = [2k ]ft r3 = [2k] ft 


The force vectors F,, Fz , and F3 are given by 
F = Aj F) = Fi 


(0 -3)i+(4—0)j+(2- 2)k 


fo- 37 +(4- 0)? +(2-2)" 


F; = hu = = 150i +200j] Ib 


Thus, 

M, = r, x Fy = (-2k) x (Fp = 2K 

My =r x Fy =(2k)x (Fi) = 2Fyj 

M3 =r; XF3 =(2k)x(-150i+ 200j) = [-400i — 300j} Ib-ft 


Resultant Moment: Since the resultant couple moment is required to be equal to zero, 
(M.)r = 2M; 0=M,+M2+M3 

0= (2K i) + (2 Fyj) + (400i — 300p 

0 = (2K —400)i+(2F) — 300)j 


Equating the i, j, and k components yields 
0=2F -—400 K = 200 Ib 
0 = 2F, — 300 Fy = 150 Ib 
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*4-104. Replace the force system acting on the truss by a 
resultant force and couple moment at point C. 


Equivalent Resultant Force: The 500- Ib force is resolved into its x and y components, 
Fig. a. Summing these force components algebraically along the xand yaxes, 


4 
*Z(Fr)x ==IFy; (Fr) x = 50{ £) = aoo = 


+T(FR)y=ZFy;  (Fr)y =-200-150- 100 -s00{ 3) 750 Ib = 750 1b 4 


The magnitude of the resultant force Fp is given by 


Fp = lr x2 + (Fey? = 04007 + 7507 = 8501b 


The angle @ of Fp is 


(FR )y 750 


@= won oe = wn I 61.93° =61.9° Q 


(FR )x 


Equivalent Couple Moment: Summing the moment of the forces and force components, 
Fig. a, algebraically about point C, 


(4m RIc==Mc; (Mr)c = -200(2) - 150(4) — 100(6) - sof 2 })- sof 2) 
= -6400 lb-ft =6.40 kip-ft (clockwise) Ans. 


2001b IS0lb /OOlb 
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e4-105. Replace the force system acting on the beam by 
an equivalent force and couple moment at point A. 


Ff, = 1.Ssin 10°-2.(3) 


==1.25 KN = 1.25kN — 


3 
fy, =~1.Scos 30°-25(3)-3 
= ~5.799 kN = 5.799 KN | 


Fy = gp + FR = 1.258 + 5.799 = 5.93 kN 
omc)" ()-78 y 


(+ Mp, = EM; Me, =-25(3)}a- 1.Scos 30°(6) -3(8) 
2-34.8kN-m=34.8kN-m (Clockwise) Ans 


4-106. Replace the force system acting on the beam by an 
equivalent force and couple moment at point B. 


f= 1 ssin 30°-2.5(3) 
=-1.25KN = 1.25 KN © 


3 
fy, =-1.5c0s sor-2.5(2)-3 
=-5.799 KN = 5.799 KN J 


Fa = fig + Fy = (125+ 5.79% = 5.93 kN 


(+ My, =IMy: My, = 1.Scos 30°(2) +2.5(3)(6 


=1L6KN-m (Counterclockwise) Ans 
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4-107. Replace the two forces by an equivalent resultant 
force and couple moment at point O. Set F = 20 lb. 


Fes 2EF; | Fux = $(20)-20 sin 30° = 6 1b 


+T Fay 3 ZF; Fay = 20 c08 30° + 2(20) = 29.32 Ib 
Fy = Fg, + Fy, = VO + (29.32)? = 29.9 lb 


@=tan" z = uan'(2) = 7.4 


(+ May =ZMo: Mug = 20 sin 30°(6 sin 40°) +20 cos 30°(3.5+6 cos 40°) 


~ $20x6 sin 40°)+ 22010.5+6 cos 40°) 


=2141b- in 5 Ans 
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*4-108. Replace the two forces by an equivalent resultant 
force and couple moment at point O. Set F = 15 lb. 


io a) a = $(15)+20 sin 30° = 2b 


+T Fay =F; Fry 220 cos 30° + 315) = 26.32 1b 


Fy = Fg + Fp, = (P+ 2632 = 26.4 lb 
= Fa -1 (26.32 
2 a '(— )=85. 
Osun! un! (52) = 85.7 £ 
Ce May =EMo; Mg, = 20 sin 30°(6 sin 40°)+20cos 30°(3.5+6 cos 40°) 
- Fasxe sin 40°) + 319G.5+6 cos 40°) 


=2051b- in ¥ 
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e4-109. Replace the force system acting on the post by a 
resultant force and couple moment at point A. 


Equivalent Resultant Force: Forces F; and F2 are resolved into their xand y components, 
Fig. a. Summing these force components algebraically along the xand y axes, 


SZ(FR)x =2Fys (Fr) = 25 2)- 500cos 30° — 300 = -533.01 N =533.01N <— 


+ T (Fr y=ZAR; (Frdy = so0sin30°-2s0{ 2) = 100N T 


The magnitude of the resultant force Fr is given by 


Fr = re x? +(Fr)y? = 533.012 + 1002 = 542.31 N =542N 


The angle @ of Fp is 


F 
6= wo | Fe = wn| 300 | =10.63° =10.6° Ss 
(Fr)x 533.01 


Equivalent Resultant Couple Moment: Applying the principle of moments, Figs. a, and summing 
the moments of the force components algebraically about point A, 


(HMR dA =EM,4; (Mp), = 500c0s30%2) -500sin30%(02)~250{ 2 }o.5)- 2si{ + } 9+ 3001) 


= 441.02N -m=441N-m (counterclockwise) Ans, 
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4-110. Replace the force and couple moment system 30 kN 
acting on the overhang beam by a resultant force and 30° 
couple moment at point A. 


Equivalent Resultant Force: Forces F; and F> are resolved into their xand ycomponents, 
Fig. a. Summing these force components algebraically along the xand yaxes, 


SUCFR)x = es (Fr)x = 24 5) -s0sina0 =-5KN=5kN <— 


12 


+T(FR)y=ZF; (Fry =- 3 


}- 30.cos30° = -49.98KN = 49.98kN 1 


The magnitude of the resultant force Fp is given by 


Fr = {re )x? +(FR)y? = 45? + 49.982 = 50.23KN = 50.2KN 


The angle @ of Fp is 


6= on Ca - mo 2 |- 84.29° = 843° 7 
(Fr x 5 


Equivalent Resultant Couple Moment: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about pointA, 


(Mada =2Mai (Mp) = 30sin30°(0.3)—30cos 30°(2)— 2f 5 \oa-2 2 \6-4s 


= —239.46 KN -m = 239KN -m (clockwise) 
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4-111. Replace the force system by a resultant force and 
couple moment at point O. 


Equivalent Resultant Force: Forces F, and F> are resolved into their xand ycomponents, 
Fig. a.Summing these force components algebraically along the xand y axes, 


S2(Fr)x =IFy; (Fr) = 200- 200+ so{ 3) = 300% > 
+T(Fr)y==Fy; (Fry = -150-+50q{ 4) =-350n =350N 1 
The magnitude of the resultant force Fp is 


Fr = (Fed? +(Fp)y? = 43007 + 350” = 461.0N =461N 


The angle 6 of Fp is 


(FR) 350 
= -l y = —l] oN | ° 
@ = tan | tan [= 49.4° 


Equivalent Resultant Couple Moment: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about point O, 


(Mada =2Ma; (Mr)o = ~15125) 200+ sof $a.50)- so 2 
= -438 N -m = 438N -m (clockwise) 


Wh), = Bp. Ne 


3600 
(L=300” 
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*4-112. Replace the two forces acting on the grinder by a 
resultant force and couple moment at point O. Express the F, = {10i — 15j — 40k} N 
results in Cartesian vector form. 


Equivalent Resultant Force: The resultant force Fp is given by 
Fr = =F, Fr =F, + Fo 


=(10i-15j-40k)+ (—15i—20j— 30k) 
=[-Si—35j— 70k]N 


Equivalent Couple Moment: The position vectors Ry4 and rpg are 
toa = (0- 0)i+(0.25— 0)j+(0.1-0)k = [0.25j+0.1k]m 
Yop = (0.15— 01+ (0.25— 0)j+ (0.04 —0)k = [0.151 + 0.025j+0.04k]m 


Thus, the resultant couple moment about point O is given by 
(Mr)o =™Mo; = Mar)o=to4 XF, + tog XF2 
i j k i j k 
=]0 0.25 O.1]+}0.15 0.025 0.04 
10 -15 -15 +20 ~30 
=[-8.451+ 4.90j- 5.125k]N -m 
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e4-113. Replace the two forces acting on the post by a 
resultant force and couple moment at point O. Express the 
results in Cartesian vector form. 


Equivalent Resultant Force: The forces Fz and Fp , Fig. a, expressed in Cartesian vector 
form can be written as 


Fy = Frege “4 (0-0)i+(6-0)j+ (0-8 |- py aun 


(0-0)? +(6— 0)? +(0- 8)” 
she  ercarear rer] =[21-3)—-en]kN 


(2 -0)* +(-3-0)” +(0- 6)? 


The resultant force Fp is given by 

Fr = IF; Fr =F, +Fp 
=(3j— 4k)+(2i-3j-6k) 
=[2i~ 10k]kN 


Equivalent Resultant Force: The position vectors rog and roc are 
fog = {6j} m Toc = [6k]m 


Thus, the resultant couple moment about point O is given by 


(Mz io = Mo; Mr )o=top XFg+¥toc XFp 
ij ki] fi j 
=0 6 Of+ 0 

3 3 - 
=[-6i+ 12j]KN -m Ans. 


k 
6 


10750d = -3500(3)— 5500(17 )~ 1750(25) 


d= 13.7 ft Ans. 
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4-114. The three forces act on the pipe assembly. If 
F, = SON and F> = 80N, replace this force system by an 
equivalent resultant force and couple moment acting at O. 
Express the results in Cartesian vector form. 


E, = IF, = {-180k + 50k - 80k} N = {-—210k} N 
Myo = Xr x F) 
i j &k i j k ij k 
= 1/125 0 0 | +fias as 0 fz os o| 
0 Oo -1 0 oO -80 0 0 
= (225j) + (-401 + 100§) + (251 — 100J) 


= {-15i + 225j} N-m 


4-115. Handle forces F, and F, are applied to the electric F, = {2j — 4k} N 

drill. Replace this force system by an equivalent resultant 

force and couple moment acting at point O. Express the Zz 

results in Cartesian vector form. F, = {6i I 3j — 10k} N 


RB, ==IF; EF = 6i-3j- 10k+2j-4k 


= {6i-1j-14k)N Ans 


Mro = =Mo ; 


ij k/ fi Jj &k 
Mao = [is 0 a3 +p — 0.25 a3 
6 -3 -1 2 - 


= 0.91 + 3.30j - 0.450k + 0.44 
= {1.301 + 3.30j-0.450k})N-m Ans 
Note that Fe, = - 14.N pushes the drill bit down into the stock. 
(Meo): = 1.30N-m and (Mpo)y = 3.30N- m cause the drill bit to-bend. 
(Mao), = -0.450.N- m causes the drill case and the spinning drill bit to rotate about 


the z - axis. 
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*4-116. Replace the force system acting on the pipe 
assembly by a resultant force and couple moment at point O. F, = {—10i + 25j + 20k} Ib 
Express the results in Cartesian vector form. 


Equivalent Resultant Force: The resultant force Fr can be determined from 
Fr = =F; Fr =F, +F, 
= (—20i — 10j+ 25k)+(—10i+25j+20k) 
=[-30i+ 15j+45k] Ib Ans. 


Equivalent Resultant Couple Moment: The position vectors ro4 and rog , Figvat are 
Toa =(1.5— Of +(2— 0)j+ (O- 0)k =[1.5i+ 2j] ft 
Top =(1.5— 0i+(4-0)j+ (2 -—0O)k = [1.51+4 j+2k] ft 


Thus, the resultant couple moment about point O is 
My = XIMo; Mr)o=TOA x F, + rop xF, 


i k i j k 


j 
=15 2 Of ]15 4 2 
20 -10 10 25 
= [801 — 87.5 j+ 102.5k] Ib - ft 
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e4-117. The slab is to be hoisted using the three slings 
shown. Replace the system of forces acting on slings by an 
equivalent force and couple moment at point O. The force 
F, is vertical. 


Force Vectors : 
F, = {6.00k} kN 


F, = 5(-cos 45°sin 30°I + cos 45°cos 30°j + sin 45°k) 
= {—1.768i + 3.0625 + 3.536k} kN 


F, = 4(cos 60°i + cos 60°j+cos 45°k) 
= {2.00 + 2.00j+2.828k} kN 


Equivalent Force and Couple Moment At Point O: 
F,=<IF; F, =F, +F,+F 
= (-1.768 + 2.00) i + (3.062 + 2.00) j 
+ (6.00 + 3.536 + 2.828) k 
= {0.2325 + 5.06j+ 12.4k} kN Ans 
The position vectors are r, = {2i+6j} m andr, = {4i} m. 
Ma, = =Mo; Mg, =" x F+r, xB 


it j k i j k 
2 6 | +] 4 0 | 
0 oO. 6: 1.768 3.062 3.5 


= (36,05 — 26.1) + 12.2k} kN-m Ans 


4-118. The weights of the various components of the truck 
are shown. Replace this system of forces by an equivalent 
resultant force and specify its location measured from B. 


+TR=IE; Ff =-1750-5500~3500 
= -10750 Ib = 10.75 kip 1 


CMe, =IM,4; 10750d = -3500(3)— 5500(17 )—1750(25) 


d= 13.7 ft Ans. 
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4-119. The weights of the various components of the 
truck are shown. Replace this system of forces by an 
equivalent resultant force and specify its location 
measured from point A. 


Equivalent Force : 


+TR = 5B; F, =—1750- 5500-3500 
= -10750 lb = 10.75 kip L Ans 


Location of Resultant Force From Point A: 


¢ Mz, ==M,; — 10750(d) = 3500(20) + 5500(6) — 1750(2) 


d=9.26 ft Ans 


*4-120. The system of parallel forces acts on the top of the 
Warren truss. Determine the equivalent resultant force of the 
system and specify its location measured from point A. 


+4Fp = IF; Fr = 500 + 1000 + 500 + 2000 + 500 


Fy = 4500N =4.50kN Ans 


Coke = EM, ; 4500 (d) = 1000(1) + $00 (2) + 2000 (3) + 500 (4) \JA\AJ VG | 


2 
ds222m Ans 
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e4-121. The system of four forces acts on the roof truss. 200 Ib 
Determine the equivalent resultant force and specify its 30° 
location along AB, measured from point A. 275 Ib 4 Ok 

300 Ib 4 ft 


150 1b 4 ft 


IVb 


A + Fas = EF; Faz = 200sin 30° = 1001b 


\qtFay = EF; Fay = 150 + 300 + 275 + 200cos 30° = 898.2 lb 


Fp = (100)? + (898.27 = 904lb Ans 


an ; 2Don, 


CoMen = EM, ; — 898.2(d) = 4 (300) + 8 (275) + 12 cos 30° (200) 


d=6.10f Ans 
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4-122. Replace the force and couple system acting on the 
frame by an equivalent resultant force and specify where 
the resultant’s line of action intersects member AB, 


measured from A. 


500 Ib - ft 


Fa, 22h: Fa ® 130(3) + 50 sin 30° = 145 ib 


+T Fey = EF; Fry = S0cos 30° + 150(2) = 133.3 1b 


Fy =f (145% + (133.3)? = 197 1b Ans 


6 = tan”! (=) oY a ee 


145 
(Man = EM; 145 (d) = 150 (3) (2) - $0 cos 30° (3) + $0 sin 30° (6) + $00 


d = $.24 ft Ans 
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4-123. Replace the force and couple system acting on the 
frame by an equivalent resultant force and specify where 
the resultant’s line of action intersects member BC, 
measured from B. 


500 Ib - ft 


¥ 133.3 Ib 


Fa, 2 EF: Fay = 130 (=) + 50 sin 0° = 145 lb 


+T Fry = ZF: Fay = 50cos 30° + 150(2) = 133.3b 


Fx = (145) + (133.3)? = 197 1b Ans 


6 = tan”! (=) = 42.6° 2 Ans 


CMa = EMy s 1456) ~ 133.3 (4) = 150($) (2) - $0.08 30°) + 50sin 30° (6) + $00 


d = 0.824ft Ans 
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*4-124. Replace the force and couple moment system 
acting on the overhang beam by a resultant force, and 
specify its location along AB measured from point A. 


Equivalent Resultant Force: Forces F, and F> are resolved into their xand ycomponents, 
Fig. a. Summing these force components algebraically along the xand yaxes, 


+3(Fr)y =F: (Fr) = 2f 5) —30sina0 =-SKN=5KN © 


+ T (FR dy = 2A; (Fr dy = -24 2) 30cos30° = -49.98kN = 49.98 kN L 


The magnitude of the resultant force Fp is given by 


Fe = {re x? +(FR)y? = 13? + 49,98? = 50.23kN = 50.2KN Ans. 


The angle @ of Fr is 


F 
6= wo | Fe = mo] SP - 84.29° = 84.3° 
Rix 


Location of Resultant Force: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about pointA, 


(Mp Ya = =M 4;-49.98(d) = 30sin 30° 0.3) — 30.cos30°(2) — 245 \os)- 2 }o- 45 
Ans. 


d=4.79m 
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e4-125. Replace the force system acting on the frame by 
an equivalent resultant force and specify where the 
resultant’s line of action intersects member AB, measured 
from point A. 


> Fa, 2 TF,; Fes = 35 sin 30° + 25 = 42.5bb 


+LFp, = IF: Fay = 35 cos 30° + 20 = 50.31 Ib 


Fp = ¥ (42.5) + (50.31% = 65.9 lb Ans 
3 ) = 49.8° xX Ans 


(Me, = EM, : 50.31 (d) = 35 cos 30° (2) + 20 (6) - 25 (3) 


d=2,10ft Ans 
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4-126. Replace the force system acting on the frame by 
an equivalent resultant force and specify where the 
resultant’s line of action intersects member BC, measured 


from point B. 


Fa = EF; Fee = 35 sin 30° + 25 = 42.5 1b 


+Lle, = EF; Fry = 35 cos 30° + 20 = 50.31 lb 


Fy = (2.5) + (S0.31P = 65.9lb Ans 


@ = un! (251) = 49.8 {Ans 


C+Max = EM, $0.31 (6) ~ 42.5 (d) = 35 cos 30° (2) + 20 (6) - 25(3) 


d=462ft Ans 


Fe, = 50:31 1b 


F,.=42-5 Ib 
! 
! 


nr 
Fag 503!Ib 
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4-127. Replace the force system acting on the post by a 
resultant force, and specify where its line of action 
intersects the post AB measured from point A. 


Equivalent Resultant Force: Forces F, and F> are resolved into their xand ycomponents, 
Fig. a. Summing these force components algebraically along the xand yaxes, 


SE(Fr)x = Fy; (Fr)x = 2s 2)- 500 cos 30° — 300 = -533.01 N =533.01N <— 


+T(FR)y=ZFy;  (Fr)y = ssina0°-25o 3) = 100N T 


The magnitude of the resultant force Fp is given by 


FR = dire)? +Fp > = 1533.01 +1007 = 54231N =542N 


The angle @ of Fr is 


F 


Location of the Resultant Force: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about pointA, 


(xm R)A=2M,4; 533.01(d) = 50000830°(2)- s00sin30%(02)-254 20.5 254 4}sy4 300(1) 
d = 0.8274 mri =827 mm Ans. 
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*4-128. Replace the force system acting on the post by a 
resultant force, and specify where its line of action 
intersects the post AB measured from point B. 


Equivalent Resultant Force: Forces F, and F> are resolved into their cand ycomponents 
Fig. a. Summing these force components algebraically along the xand yaxes, 


+See = Fei (Fe )y = 2s{ +). 5000s 30° — 300 = -533.01N =533.01N <— 


+T (Fey =2R; (Fey = sosin30°-251{ 2) =100N t 


The magnitude of the resultant force Fp is given by 


Fp = te x? +(FR)y” = 533.012 + 100? = 54231 N =542N 


The angle @ of Fr is 


-1| (Fr) -1[ 100 
= tan RO Seg} HOC] _ © 106 
6 =tan esa tan Een 10.63° = 10.6 


Location of the Resultant Force: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about point A, 


CMa)» =EM,; — -533.01(d) = -50000830%1) — s00sin30"(02)-254{ 205) 3002) 
d=2.17m Ans. 


e4-129. The building slab is subjected to four parallel 
column loadings. Determine the equivalent resultant force 
and specify its location (x, y) on the slab. Take F; = 30 kN, 
Fy = 40 KN. 


+TR==R; Fp=-39-50-30-40=-140kN=140KNL Ams 
(Mr)s =EM; —140y=—50(3)— 30(11)—40(13) 

y=7.14m 

140x = 50(4) + 20(10) + 40(10) 


x=5.7im 
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4-130. The building slab is subjected to four parallel 
column loadings. Determine the equivalent resultant force 
and specify its location (x, y) on the slab. Take F, = 20 kN, 
Fy = 50 KN. 


+h = EF; Fe = 20 + 50 + 20+ 50 = 140 KN 


Me y = EM,; ——140{x) = (50)(4) + 20(10) + 50(10) 
x= 643m 
~140(y) = —(50)(3) - 20(11) ~ 50(13) 


y=7.29m 


4-131. The tube supports the four parallel forces. 
Determine the magnitudes of forces Fc and Fp acting at C 
and D so that the equivalent resultant force of the force 
system acts through the midpoint O of the tube. 


Since the resultant force passes through point O, the resultant moment components 
about x and y axes are both zero. 


<M, 20; — Fp(0.4) + 600(0.4) - F-(0.4) - 500(0.4) = 0 
Fe- Fp = 100 (tl) 
500(0.2) + 600(0.2) — F-(0.2) — Fp(0.2) =0 
Fo + Fp = 1100 (2) 


Solving Eqs.(1) and (2) yields : 


Fo = 6€00N Fp = SOON 
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*4-132. Three parallel bolting forces act on the circular 
plate. Determine the resultant force, and specify its 
location (x, z) on the plate. Fy = 200 1b, Fg = 100 lb, and 
Fo = 400 lb. 


Equivalent Force : 


F=2F; -F =-400-200-100 
Fy = 700 Ib 


Location of Resultant Force : 


Mg, = =M,; — 700(z) = 400( 1.5) — 200(1.5sin 45°) 
— 100( 1.5sin 30°) 


z= 0.447 ft Ans 
~700(x) = 200(1.Scos 45°) — 100( 1.Scos 30°) 


x=-0,117 ft Ans 
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e4-133. The three parallel bolting forces act on the circular 
plate. If the force at A has a magnitude of F.4 = 200 lb, 
determine the magnitudes of Fz and F¢ so that the resultant 
force Fp of the system has a line of action that coincides with 
the y axis. Hint: This requires 2M, = Oand 2M, = 0. 


Since Fy coincides with y axis, Mg, = My, =0. 
0 = 200( 1.Scos 45°) - F, (1.Scos 30°) 
F, = 163.30 Ib = 163 Ib 
Using the result F, = 163.30 lb, 


M, ==M,; 0= F,(1.5)-200(1.Ssin 45°) 
~ 163.30( 1.5sin 30°) 


F, = 223 lb Ans 


4-134. If Fy, = 40kN and Fz = 35kN, determine the 
magnitude of the resultant force and specify the location of 
its point of application (x, y) on the slab. 


Equivalent Resultant Force: By equating the sum of the forces along the zaxis 
to the resultant force Fr ,F& db, 
+T Fp = 3F;; -Fr = -30-20- 90-35-40 

Fr = 215 kN 


Point of Application: By equating the moment of the forces and Fp, 

about the x and y axes, 

(Mr), = =M,; —21Xy) = -35(0.75) — 30(0.75) — 90(3.75) — 20(6.75) — 40( 6.75) 
y=3.68m Ans. 


(Mp)y = My; 215(x) = 30(0.75)-+ 20(0.75) + 90(3.25) + 3X5.75) + 40(5.75) 
x=3.54m Ans. 
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4-135. Ifthe resultant force is required to act at the center 
of the slab, determine the magnitude of the column loadings 
F, and Fz and the magnitude of the resultant force. 


Equivalent Resultant Force: By equating the sum of the forces along the zaxis 
to the resultant force Fp, 
+1 Fp =2Fz —Fr =-30- 20- 90- Fy —Fp 

Fr = 140+ Fy +Fp (i) 


Point of Application: By equating the moment of the forces and Fp, 

about the x and y axes, 

(Mr)x = 2M; —F (3.75) = —Fp (0.75) — 30(0.75) — 90(3.75) — 20(6.75) — F4 (6.75) 
Fr = 0.2Fp + 1.8F 4 + 132 (2) 


(Mp)y = My; Fp (3.25) = 30( 0.75) +20(0.75) + 90(3.25) + Fa (5.75)+ Fg( 5.75) 
Fp = 1.769F4 + 1.769Fp + 101.54 @) 


Solving Eqs. (1) through (3) yields 
F, = 30KkN Fg = 20 kN Fp = 190KN 


*4-136. Replace the parallel force system acting on 
the plate by a resultant force and specify its location on the 
x-z plane. 


Resultant Force: Summing the forces acting on the plate, 


(Fr )y = ZF; Fr = -5KN-2KN —3KN 
= -10KN 


The negative sign indicates that Fp acts along the negative y axis. 


Resultant Moment: Using the right - hand rule, and equating the moment of Fr 

to the sum of the moments of the force system about the x and z axes, 

(Mr), = =M,; (10 KN)(z) =(3 KN)(0.5 m) + (5 KN)(1.5 m) +2 KN(2.5 m) 
z=140m 


(Mr), = =M,; —(10 KN)(x) = {5 kN)(0.5 m) —(2 KN)(1.5 m) — (3 KN)(1.5 m) 
x=1.00m 
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e4-137. If Fy, = 7kN and Fz = SKN, represent the force 
system acting on the corbels by a resultant force, and 
specify its location on the x-y plane. 


Equivalent Resultant Force: By equating the sum of the forces in Fig. a along the zaxis 
to the resultant force Fp , Fig. b, 
+ T Fr = XF,; -Fr =-6-5-7-8 
Fr = 26 kN Ans. 


Point of Application: By equating the moment of the forces shown in Fig. a and Fp, Fig. b, 
about the x and y axes, 
(Mr), = IM; —26y) = 6(650) + 5(750) — 1600) — 8(700) 

y = 82.7mm 


(Mp)y = My; 26(x) = 100) + 7(150) — 5(150) — 8(100) 
x= 3.85 mm 
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4-138. Determine the magnitudes of F, and Fz so that 
the resultant force passes through point O of the column. 


Equivalent Resultant Force: By equating the sum of the forces in Fig. a along the z axis 
to the resultant force Fp , Fig. b, 
+1 Fr = XF,; -Fr =—F, - Fp -8-6 

Fr =F, +Fp+14 (1) 


Point of Application: Since Fr is required to pass through point O, the moment of Fr about 
the x and y axes are equal to zero. Thus, 
(Mr)x = =M,; 0 = Fp (750) + & 650) — Fy (600) — & 700) 

750F zp — 600F, — 1700 = 0 (2) 


(Mp)y = My; 0 = Fy (150) + 6(100) — Fp (150) -8(100) 
150F4 — 150Fp + 200= 0 


Solving Eqs. (1) through (3) yields 
F, =18.0kKN Fz = 16.7kN 
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4-139. Replace the force and couple moment system 
acting on the rectangular block by a wrench. Specify the 
magnitude of the force and couple moment of the wrench 
and where its line of action intersects the x—y plane. 


Equivalent Resultant Force: The resultant forces F}, F2, and F3 expressed in Cartesian 600 Ib-ft 
vector form can be written as F, = [600j]lb, Fz =[—450i] Ib, and Fz = [300k] Ib. The 
force of the wrench can be determined from 
Fr = =F; Fr =F, +F, +F3 
=600j—450i + 300k = [-450i + 600j+ 300k ] Ib 
Thus, the magnitude of the wrench force is given by 


Fr = {rr a? + CFR )y? + (Fr)2” = 450) +6007 +3007 = 807.77 Ib =808 Ib 


Equivalent Couple Moment: Here, we will assume that the axis of the wrench 
passes through point P, Figs. a and b. Since My is collinear with Fr, 


—450i + 600j + 300k 


{-450)? +6007 +3007 


= —0.5571M yi + 0.7428M ,,j + 0.3714M yk 


My = Mwar, = My 


The position vectors rp4 , tpg, and rpc are 

Tp, = (O- x)i+(4—-y)j+(2- Ok = —x1+(4— y)j+2k 
rpg = (3—x)jit+(4— y)j+(0-O)k =(3-x)i+ (4-y)j 

Mpc =(3- x)i+(4—y)j+(2—- Ok = (3- x)i+ (4— y)j+ 2k 


The couple moment M expressed in Cartesian vector form is written as M = [600i] Ib- ft 
Summing the moments of F), F2, and F3 about point P and including M, 
My = =Mp; My =rpa XFi +0 pc XF2+4rpg XF3+M 
i j i j k i j k 
~0.5571My, i + 0.7428M yj+ 0.3714Myk =x (4-y) Y+(3-x) (4-y) 2}+)(3-x) (4-y) 0 }+ 600i 
0 600 —450 0 0 0 0 3 
-0.5571M,, i+ 0.7428M ,,j+ 0.3714M ,, k = (600 — 300y)i + (300x — 1800)j + (1800— 600x— 450y)k 


Equating the i, j, and k components, 
-0.5571M,, = 600 — 300y 
0.7428M,, = 300x— 1800 
0.3714M ,, = 1800 ~600x— 450y 


Solving Eqs. (1), (2), and (3) yields 
x=3.52ft y = 0.138 ft My =-10031b-ft 


The negative sign indicates that My acts in the opposite sense to that of Fp . 


296 


4 Solutions 44918 1/23/09 12:04 PM Page 297 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*4-140. Replace the three forces acting on the plate by a 
wrench. Specify the magnitude of the force and couple 
moment for the wrench and the point P(y, z) where its line 
of action intersects the plate. 

F, = {—60j} Ib 


Resultant Force Vector : 


F, = {—40i - 60j — 80k} Ib 


F, = ¥(-40)? +(-60)? +(-80)* = 107.70 b= 108 Ib Ans 


_ ~40i - 60j - 80k ; ; 
"4 = T0770 Solving Eqs.[1]}, (2], and [3] yields : 


= -0.3714i - 0.5571j-—0.7428k 
M, =-624ib-ft z=8.69f y=0.414ft Ans 


Resultant Moment: The line of action of Mp of the wrench is parallel to 
the line of action of F,. Assume that both My and F, have the same 
sense . Therefore, uy, = —0.3714i - 0.5571j -0.7428k. 


The negative sign indicates that the line of action for Mg is directed in the 
Opposite sense to that of F, . 


(My),. =EM,-;  -0.3714My = 60(12-z) + 80y 1] 


(Mp), =2M,;  0.5571Mp = 40z (2) 


(Mp ye = =M,;; —0.7428M, = 40( 12-y) (3) 
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e4-141. Replace the three forces acting on the plate by a z F, = {800k} N 
wrench. Specify the magnitude of the force and couple e 
moment for the wrench and the point P(x, y) where its line 
of action intersects the plate. 


F, = {500i} N 


F, = {500i + 300j + 800k} N 
Fy = ¥(500)? + (300)? + (800)? = 990N 
{0.5051i + 0.3030} + 0.8081k} 


= IM; Mp, = 800(4-y) 


Mp, = IM; Mz, = 500y + 300(6-x) 


Since My also acts in the direction of us, 
M,(0.5051) = 800(4—y) 

M,(0.3030) = 800x 

M, (0.8081) = S00y + 300(6—x) 

M, = 3.07 kN-m Ans 
‘x= 116m Ans 


2.06 m 
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4-142. Replace the distributed loading with an equivalent 
resultant force, and specify its location on the beam 
measured from point A. 


Loading: The distributed loading can be divided into four parts as shown in Fig. a. The magnitude and location 
of the resultant force of each part acting on the beam are also indicated in Fig. a. 
Resultants: Equating the sum of the forces along the y axis of Figs. a and b, 


+ 1 Fr = Fy; FR = 5(15)3)+ 5(5X3)+ 1013) + 5(10X3) = 75KN L 


If we equate the moments of Fp , Fig. b, to the sum of the moment of the forces in Fig. a about point A, 


(+e a = Mas ~75E)= 5(1SVBXI)- 5(S3XI)~ 13X15) ~ 5(10,3)4) 
xX =1.20m 
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4-143. Replace the distributed loading with an equivalent 
resultant force, and specify its location on the beam 
measured from point A. 


Loading: The distributed loading can be divided into three parts as shown in Fig. a. 
Resultants: Equating the sum of the forces along the y axis of Figs. a and b, 


+lip=BFy; Fr= $(8X3)+5(4\3)+4) =30kN J 


If we equate the moments of Fp , Fig. 6, to the sum of the moment of the forces in Fig. a about point A, 


(Me Ya =2Ma; -30X)= — 5 (8X3)2)-5-(4)3K4)- 4(3(4.5) 
&)=3.4m 


300 


4 Solutions 44918 1/23/09 12:04 PM Page 301 ¢ 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*4-144. Replace the distributed loading by an equivalent 800 N/m 
resultant force and specify its location, measured from 


point A. 
200 N/m 


+4 Fr=ZF; Fr =1600+900+600=3100N 


Fe=3.10KN) Ans 


At Mes = EMy: (3100) == 1600(1) +900(3) + 6003.5) 


x=206m 


e4-145. Replace the distributed loading with an 
equivalent resultant force, and specify its location on the 
beam measured from point A. 


Loading: The distributed loading can be divided into two parts as shown in Fig. a. The magnitude and location 
of the resultant force of each part acting on the beam are also shown in Fig. a. 
Resultants: Equating the sum of the forces along the y axis of Figs. a and b, 


+1Fp =F; FR -F 4) Ww }=grot 4 


2 


If we equate the moments of Fp , Fig. b, to the sum of the moment of the forces in Fig. a about point A, 


(ts betel 8) Sof) 


5 


Pe 


x= 
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4-146. The distribution of soil loading on the bottom of 
a building slab is shown. Replace this loading by an 
equivalent resultant force and specify its location, measured 
from point O. 


O 


50 lb/ft 100 Ib /ft 


300 Ib /ft 
+t Fes ZF; Fy = 50(12)-+ $(250)(12) Ae 


+ 3(200)(9) + 100(9) 
= 3900 Ib = 3.90 kip ¢ 


 +Mee = EMo; 3900(d) = 50(12)(6) + $250)(121(8) seannll ~<T Troe 
i é 
~£(250)(12) ib 

+ }(200)(9)(15) + 100(9)(16.5) 7 (2009) Ib 


d=l13f 


4-147. Determine the intensities w, and w 2 of the 
distributed loading acting on the bottom of the slab so that 
this loading has an equivalent resultant force that is equal 
but opposite to the resultant of the distributed loading 
acting on the top of the plate. 


300 Ib /ft 


z(W;-W,)0-5) 


Teh @ EF; O=m (105) + 5 (os = w1) (10.5) = 5 (300) (3) = 300 (6) - 5 (00) (1. 


w, + Ww, = 471.429 (45) 


Gea = EMa : 0 = wy (10.5) (5.25) + 3 (ma = mi) (10.5) (7) ~ 4 (300) (3) 2) 
Solving Eqs. (1) and (2), 


- 300 6) (6) - 5 (200) (1.5) (9.5) 
w= 190D/f Ans 


Ww, +2, = 753.061 (2) w, = 282 b/ft Ans 
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*4-148. The bricks on top of the beam and the supports 
at the bottom create the distributed loading shown in the 
second figure. Determine the required intensity w and 
dimension d of the right support so that the resultant force 
and couple moment about point A of the system are 
both zero. 


Require F, = 0. 
$(200)(3)=200N 


+Th=EE; 0=wd+37.5-300 
wd = 262.5 


Require My, = 0. 


(+ Ma, = My; 0= 375(0.25) +wa{3- $)=300(2) 


75(0-5)=27-5N 
3wd- =< = 590.625 

re 4 
o-% 
Solving Eqs. [1) and (2) yields 


d=150m w= 175 N/m 
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e4-149. The wind pressure acting on a triangular sign is 
uniform. Replace this loading by an equivalent resultant 
force and couple moment at point O. 


Zz fotscra)|m 


x 


\ 
SO2U2)50N 


[i+Za.2)]m 


Fe = 5 (1.2) (1.2) (50) 
Fp = {-1081}N Ans 
2 1 
wa=lise - foi+s 7 
Miro (1+5c12) (108) § (0.1+5c12)) cos) 


Mao = (-194)-54k}N-m Ans 
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4-150. The beam is subjected to the distributed loading. | 
Determine the length b of the uniform load and its position | Ib /ft 


a on the beam such that the resultant force and couple 
moment acting on the beam are zero. 


Require Fx = 0. Fs 60 Ib /ft 


+t Fr= EF; 0= 180-405 
b=4.50 ft 
Require Mg, = 0. Using the result b = 4.50 ft, we have - 


GMa, = BM; 0 = 180(12) ~ 4044.50) (« i. 


a= 9.75 ft 


+6 (6) = 180 Ib 


4-151. Currently eighty-five percent of all neck injuries 
are caused by rear-end car collisions. To alleviate this 
problem, an automobile seat restraint has been developed 
that provides additional pressure contact with the cranium. 
During dynamic tests the distribution of load on the 
cranium has been plotted and shown to be parabolic. 
Determine the equivalent resultant force and its location, 
measured from point A. 


w = 12(1 + 2x’) Ib /ft 


Fr = Swede = f'12(1+22)dr= 2 [z+ de] =7b Ans 


x T* 
J x wo) ae ; JP xca(1+ 22) ax JAG += 


w(x) de 7 7 
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*4-152. Wind has blown sand over a platform such that 

the intensity of the load can be approximated by the 

function w = (0.5x°) N/m. Simplify this distributed loading 

to an equivalent resultant force and specify its magnitude | 

and location measured from A. ii w = (0.523) N/m 


dA = wax 


R= faa = fo seae 


i 


= 1250N 


Fy = 1.25 KN 
fzaa = sates 
1 0 
[al 
= 10000N-m 


oa = 800m Ans 


e4-153. Wet concrete exerts a pressure distribution along 
the wall of the form. Determine the resultant force of this 
distribution and specify the height where the bracing strut 
should be placed so that it lies through the line of action of 
the resultant force. The wall has a width of 5 m. 


Equivalent Resultant Force: 
Rath: -ha-] dd =—['wde 
R= - 202! 10°) dz 
ef, Gor) 
= 106.67( 10°) N=107kN — 


Location of Equivalent Resultant Force: 


_ So" et) co] 
f° (2eet) (10) ae 


4m 2 weld. 2 t}U0N5) 

SF (202) (10°) Jaz ae? 

=o =(20t%)G0° 
J, (202) (10°) ae ali 


=2.40m 


h=4-7=4-2,40=1.60m 
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4-154. Replace the distributed loading with an equivalent 
resultant force, and specify its location on the beam 
measured from point A. 


Resultant: The magnitude of the differential force dF z is equal to the area of the element shown 
shaded in Fig. a. Thus, 


2 
dFp =wde= 34 ~x)" ira Fa ea 


Integrating dF over the entire length of the beam gives the resultant force Fp. 


4m x2 x 
+t F=f a, =| = 48+ 8 | de = yo 2e? +8 
L 0 


= 10.667kN =10.7kN J 


Location. The location of dF p on the beam is x, = x, measured from point A. Thus, the location X of 
Fr measured from point A is 
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4-155. Replace the loading by an equivalent resultant 


50 Ib /ft 
force and couple moment at point A. 


50 Ib/ft 


F,=/50 |b 


Rs 5 (6) (50) = 150 lb 


F, = (6) (50) = 300b 
Fy = (4) (50) = 200b 


“> Faz 2 EF, 3 Faz = 150 sin 60° + 300sin 60° = 389.71 b 


(6C0sb60°+2) ft 
+\Fy = IF; Fay = 150.cos 60° + 300 cos 60° + 200 = 425 lb 


F, = /(389.71 + (425% = 577 Ans 


@ = an”! (som) = 47.5° & Ans 


(Men =ZMa; Mra = 150(2) + 300(3) + 200(6 cos 60° + 2) 


= 2200b- ft=2.20kip- ft) Ans 
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*4-156. Replace the loading by an equivalent resultant 50 Ib/ft 
force and couple moment acting at point B. 50 Ib/ft | | | | | | | | | | 


2c0s 60° +4) ft 


f= 5 (6) (50) = 1501b 


F = (6)(50) = 300 
F, = (4) (50) = 200b 
“Fax = EF, Fes = 150 sin 60° + 300 sin 60° = 389.71 
+LFay = ZF; Fay = 150cos 60° + 300 cos 60° + 200 = 425 Ib 
Fe = (GTR SF = S11 Ane | Fe,= 389-71 Ib 
@ = wa! a = 47.5° T Ans a 
389.71 XN 
(Mes = EMy: Map = 150 cos 60° (4 cos 60° + 4) + 150 sin 60° (4 sin 60°) 
+ 300 cos 60° (3 cos 60° + 4). + 300 sin 60° (3 sin 60°) + 200 (2) 


Mes = 2800Ib- ft =2.80kip- & 3} Ans 
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e4-157. The lifting force along the wing of a jet aircraft 

consists of a uniform distribution along AB, and a 

semiparabolic distribution along BC with origin at B. 2880 Ib /ft 
Replace this loading by a single resultant force and specify 

its location measured from point A. 


w = (2880 — 5x?) Ib /ft 


Equivalent Resultant Force: 


+TR=IE; Fe =34560+) wae 
o 


24% 
Fy = 34560+ f ( 2880- 5x") dx 
0 
= 80640 Ib = 80.6 kip T 
TT 


268062, *5456C |b dra A 


Location of Equivalent Resultant Force: 


(+ Mp, ==M,; 


80640 = 34560(6) + f° (x+ 12) wde 
0 
7 2an 7 
80640z = 207360+ J” (x+ 12) (2880- 5x”) de 
° 


: al 3 2 
80640F = 207360+ J (-Sx? - 60x" + 2880x +34560) dr 
° 


¥= 14.6 ft Ans 


4-158. The distributed load acts on the beam as shown. 
Determine the magnitude of the equivalent resultant force 
and specify where it acts, measured from point A. w = (—2x2 + 4x + 16) lb/ft 


Fa = J wiz) de = Ji(-22 + 4x4 16)de = 53.333 = 533 Ans 


fx win de ix(-22 + 4x4 16) dr 


I= = 1.60 ft A 
Twix) de 53.333 ss = 


~~ nL, W=E2X44X416)lbfy 


ao 
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4-159. The distributed load acts on the beam as shown. 

Determine the maximum intensity Wax. What is the 

magnitude of the equivalent resultant force? Specify where w = (—2x2 + 4x +16) lb/ft 
it acts, measured from point B. 


Wear = -2(1)? +4(1)+16= 18 Ib/ft Ans 


Fe = wide = [°(-22 + 42+ 16)de = 53.333 = 53.31 Ans 


fxwwyde [ox (-22 + 42+ 16) de : 
Juande as = 1.60 ft sn w=E2x+4x+1b) bf 


~ 


ies 


So that from B, 


# =4-1.60=2.40ff Ans 
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*4-160. The distributed load acts on the beam as shown. or 
Determine the magnitude of the equivalent resultant force w= (~jgx? + 75x + 4) Ib/ft 
and specify its location, measured from point A. 


lI 
we CEx+Bxt) lt: ar edaswae 


Fy = f wix) de = I*(-a# + x0 4)de = $222 = 522Ib Ans 


fxm de f*x(-42 tires) de 
SS | eS | a oe 


x s s 
w(x) dx $2.22 


¥= 468 f{{ Ans 
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e4-161. If the distribution of the ground reaction on the 

pipe per foot of length can be approximated as shown, 

determine the magnitude of the resultant force due to this 25 Ib/ft 
loading. a= ze 


So = 
-w = 25 (1 + cos 6) lb/ft 


50 lb/ft 


Resultant Components: The magnitude of the differential force dFp is equal to the area of the element shown 
shaded in Fig. a. 
dF Rp = wr d@ = 25{1+ cos {2.5 dO) = 62.5(1 + cos@) dé 


The horizontal and vertical components of dF pr are given by 


in20 
(dig), = dig snd = 62.1 + 080i dO = 624 sind + 3 ) 0 


(dFR)y = dp 2080 = 62.5(1+ cos )oos 00 = 62.{ ond + a tllag 


Integrating (dF p ), and (dFr )y from a=-= rad to @ = rad gives the horizontal and vertical components of the 


resultant for Fp . 


a2 sin 20 cos 28 
o(FR)x -{ 62.{ sind + ) 40 = 62. - caso - 25% 
mI2 2 


4 


12 : 
+Tede= (624 c0s9 4 e+!) 29 200.4 sno 4 re 1g 
Ry ns 2 4 2 
a, J 


al 


12 
= e224) 223.171b T 
> 2 


Thus, 
Fr = (Fr)y = 223.17 lb = 223 Ib T 
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4-162. The beam is subjected to the parabolic loading. 
Determine an equivalent force and couple system at 
point A. 


400 Ib /ft 


w = (25 x”)lb /ft 


+Th=IF; =-[ das] wer 


Fy =~" (25%) de 
0 
= —§33.33 lb = 533 Ib L 


(+ My, = 2M; Mp, = 10 (4-2) wade 
= Je" (4-2) ( 25x") de 


= J ¢25x" 4:100x") dx 
= $33 lb-ft (Counterclockwise) Ans 


4-163. Two couples act on the frame. If the resultant 
couple moment is to be zero, determine the distance d 
between the 100-Ib couple forces. 


(+s =0=IM; 02 100 cos30°(d)—- 150)(4) 


d=554fR Ans 
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*4-164. Determine the coordinate direction angles a, B, y 
of F, which is applied to the end of the pipe assembly, so 
that the moment of F about O is zero. 


Require My = 0. This happens when force F is directed along line OA either 
from point O to A or from point A to O. The unit vectors uy, and u, 9 are 


- (6-0)i+(14-0)j+(10-0)k 
(6-0)? +(14-0)? +( 10-0)? 
= 0.3293i + 0.7683j + 0.5488k 


Yon 


a = cos™'0.3293 = 70.8° 
B =cos™'0.7683 = 39.8° 
¥ = cos™'0.5488 = $6.7° 


7 (0-6)i+(0~- 14) j+(0-10)k 


¥(0-6)? +(0— 14)? +(0— 10)? 


= -0.3293i -0.7683j -0.5488k 


@ = cos (-0.3293) = 109° 
B=cos™' (-0.7683) = 140° 
¥ = cos’ (-0.5488) = 123° 


e4-165. Determine the moment of the force F about point 
O. The force has coordinate direction angles of a = 60°, 
B = 120°, y = 45°. Express the result as a Cartesian vector. 


Position Vector And Force Vectors : 


Toa = {(6-0)i+(14-0)j+ (10-0) k} in. 
= {61 + 145+ 10k} in. 


F = 20(cos 60° +cos 120°j+cos 45°k) Ib 
= {10.01 — 10.0} + 14. 142k} Ib 


Moment of Force F About Point O : Applying Eq.4—7, we have 


Mo = fo, X F 
i j k 
=| 6 14 10 | 
10.0 -10.0 14.14 


= {298i + 15.1j-—200k} Ib- in 
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4-166. The snorkel boom lift is extended into the position 
shown. If the worker weighs 160 Ib, determine the moment 
of this force about the connection at A. 


My = 160( 2+ 25 cos 50°) = 2891 Ib-ft = 2.89 kip-fe Ans 


4-167. Determine the moment of the force F¢ about the 
door hinge at A. Express the result as a Cartesian vector. 


Position Vector And Force Vector: 


Fag = {{-0.5 -(-0.5)]i+[0~(-1)]j+(0-0)k} m= {ij} m 


F =o Ost 1.Scos 30°)} }j+(O—1.Ssin 30°) k + 


Vi-0.5~(~2.5)]+{0~[=(1+ 1 50s 30°)] }* + (O= I.Ssin 30°)? 


= (159.331 + 183.15}-59.75k} N 


Moment of Force Fc About Point A : Applying Eq.4—7, we have 


M, = "a¢* F 
i j k 
=| 0 1 0 
159.33 183.15 = -59.75) 


= {~59.7i- 159k} N-m 


*4-168. Determine the magnitude of the moment of the 
force Fc about the hinged axis aa of the door. 


tag = {[-0.5-(-0.5)]i+[0~(-1)]j+(0-0)k} m= {1j} m 


F. =< (-0.5 -—(-2.5)] i+ {O—[-(1 + 1.Scos 30°)] }j+(O—1.Ssin 30°) k 
7 Yi-0.5~(-2.5)]*+(0-[-(1+ 1.Scos 30°)] }? + (0~ 1.Ssin 30°)? 
= {159.33i + 183.15j-59.75k} N 


Moment of Force F, About a-aAxis : The unit vector along the a~a axis is i. 
Applying Eq.4— 11, we have Myo @4-(ta * Be) 
1 0 0 
-| 0 1 0 
159.33 183.15 59.75 


= 1{1(-59.75) — (183.15) (0)} -0+0 
=-59.7N-m 
The negative sign indicates that M,_ is directed toward negative x axis. 
M,_. = 59.7N-m 
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e4-169. Express the moment of the couple acting on the 
pipe assembly in Cartesian vector form. Solve the problem 
(a) using Eq. 4-13 and (b) summing the moment of each 
force about point O. Take F = {25k} N. 


a) Me & rag (25k) 
(b) Mc =fogX (25k) + Fon X (-25 k) 


i j k 
= 1-035 -02 q — 


k ij 
: : =/03 02 o + 1065 0.4 | 
0 0 0 0 = 


Me = {-51+ 8.75 J} N-m 
Mc = (5-10) i + (-7.5 + 16.25) J 


Me ={-5i + 8.75 J} N-m Ans 


4-170. If the couple moment acting on the pipe has a 
magnitude of 400 N- m, determine the magnitude F of the 
vertical force applied to each wrench. 


Mc = Fag X (F k) 
ijk 
3 |/-0.35 -02 0 

0 0 


Mc = {-0.2F i + 0.35F j} N-m 


Mc = ¥(-0.2F)? + (0.35F)? = 400 


400 


Poa ee 
¥ (0.2)? + (0.35)? 


= 992N 
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4-171. Replace the force at A by an equivalent resultant 
force and couple moment at point P. Express the results in 
Cartesian vector form. 


— to ( Ee) (001 ~ 04 +40k}b Ans 


V3 +(-8F +@ 


ij t 
Map ==Mp=/2 16 -1 
80 -80 40 


= (-2405+720j + 960k) lb-ft Ans 


*4-172. The horizontal 30-N force acts on the handle of 
the wrench. Determine the moment of this force about 
point O. Specify the coordinate direction angles a, B, y of 
the moment axis. 


Position Vector And Force Vectors : 
The magnitude of Mo is 
Fou = {(~0.01 -0)i+(0.2~0)j+(0.05-0)k} m 


= {-0.011 +0.2j+0.05k} m Mo = ¥1.0612 + 1,061? +(—4.031)* = 4.301 N-m 


F = 30(sin 45°i —cos 45°j) N ; _ 
= {21.2131 —21.213j} N The coordinate direction angles for My are 


Moment of Force F About Point O: Applying Eq.4-7, we have 


Mo = Fo, XF 
i j k 
=|-0.01 0.2 0.05) 
21.213 —21.213 0 


= {1.0614 + 1.061j-4.031k} N-m 
= {1.061 + 1.06j~4.03k} N-m 
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e4-173. The horizontal 30-N force acts on the handle of 
the wrench. What is the magnitude of the moment of this 
force about the z axis? 


Position Vector And Force Vectors : 


Taq = {0.011 +0.2j} m 
Toa = {(-0.01 -0) i +(0.2-0) j+(0.05-0)k} m 
= {-0.01i +0.2j+0.05k} m 


F = 30(sin 45° —cos 45°j) N 
= {21.213i-21.213j} N 


Moment of Force F About z Axis : The unit vector along the z axis is k. 
Applying Eq.4— 11, we have 


M,=k-(rg, x F) 
0 0) 1 
=1-0.01 0.2 ; 
21.213, -21.213 


= 0-0+ 1[(-0.01) (—21.213) -— 21.213(0.2)} 
=-4.03N-m Ans 


M,=k-(rg, x F) 


0 0 1 
=} -0.01 0.2 20g 
21.2130 -21.213 0 


= 0-0+ 1[(-0.01) (-21.213) - 21.213(0.2)]} 
=-4.03N-m Ans 


The negative sign indicates that M, is directed along the negative z axis. 
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